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^here  were  2  objectives  In  this  research  project:  development  of  an  ^  vivo 
assay  for  mistranslation- Inducing  activity  of  pollutants  and  characterization  of 
amino  acid  substitutions.  The  first  objective  proved  to  be  the  more  difficult. 
The  17  0.3  gene  product  (0.3  protein)  was  purified  by  a  modification  of  the 
published  procedure and  used  to  raise  rabbit  antibody  to  this  protein.  A 
radlolmmune  precipitation  assay  was  developed  which  could  be  used  to  estimate 
Increased  misincorporatlon  of  cysteine  Into  0.3  protein.  A  simple  assay 
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Involving  only  counting  of  the  radlolmnune  precipitate  (RIP)  was  not  achieved 
because  we  were  not  able  to  obtain  the  0.3  protein  free  of  contaminating 
proteins  1n^  the  RIP,  However,  increased  cysteine  misincorporatlon  could  bo 
estimated  by  RIP-pojyacryl amide  gel  electrophoresis  (PAGE)  combined  with 
scanning  densitomet/ry.  Efforts  to  obtain  only  the  0.3  protein  In  the  RIP 
Involved  production  of  a  monoclonal  antibody  to  0.3  protein,  the  use  of  protein 
A  Sepharose  or  a  ^cond  Immunoglobulin  Instead  of  S.  aureus  to  precipitate  the 
Inaune  complex  and  preincubation  of  the  cell  lysate  with  these  3  reagents  to 
remove  the  pro;te1n  which  adhered  to  them.  None  of  these  techniques  could 
remove  all  tpe  trace  extraneous  proteins  from  the  RIP.  But  even  trace 
contamln^lng  proteins  cannot  be  tolerated  In  a  simple  assay  for  mistranslation 
based  ofT^countlng  of  the  lamune  precipitate  only. 

'■^he  2nd  objective  proved  more  fruitful.  Ue  have  been  able  to  successfully 
Identify  the  cysteine  substitution  sites  In  the  N- terminal  42  positions  of  0.3 
protein.  Cleavage  of  0.3  protein  with  trypsin  to  Identify  cysteine  for 
arginine  substitutions  showed  that  the  major  sites  of  ^stelne  misincorporatlon 
were  at  residues  other  than  arginine.  Sequencing  of  [^]cyste1ne*1abe1ed  0.3 
protein  showed  that  the  most  frequent  substitution  was  at  residue  15  (tyrosine) 
and  other  substitutions  were  at  positions  9  (asparagine),  12  (aspartate),  41 
(alanine)  and  42  (aspartate).  Mistakes  at  these  positions  were  unexpected  and 
show  that  context  greatly  affects  misincorporatlon  and  that  misreading  of  2 
bases  In  the  triplet  at  a  time  occurs  relatively  frequently  He  have  recently 
successfully  purified  an  Internal  0.3  peptide  by  RP*HPLC  dft^reparatlve  gel 
electrophoresis  and  can  now  obtain  sequencing  data  on  this  portion  of  the  0.3 
protein.  He  have  also  begun  to  compare  mistakes  made  In  0.3  protein 
synthesized  under  "normal"  conditions  with  the  protein  synthesized  In  the 
presence  of  the  error* Inducing  aminoglycoside  antibiotic,  streptomycin. 
Preliminary  results  Indicate  that,  contrary  to  what  has  been  generally  believed 
streptomycin  does  Induce  novel  types  of  errors  (cysteine  for  valine  (GUU), 
phenyl alanide  (UUC)  and  glutamate  (6AA).  The  misreading  errors  seen  without  th^ 
drug  were  also  apparent  when  streptomycin  was  added.  Thus,  streptomycin 
apparently  can  Induce  misreading  which  requires  codon*ant1 codon  mispalring  at 
all  3  bases,  and  errors  which  require  C  to  be  misread  as  6  In  the  Internal 
position  of  the  codon  -mistakes  not  usually  seen  during  In  vitro  mistranslation 
experiments. 
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I.  Report  for  research  undertaken  between  April  1,  1981  -  Febrxiary  1,  1982 


A.  Abstract 


Experiments  were  undertaken  to  determine  if  misincorporation  of  ^^S-cysteine 
into  non-cysteine  containing  T7  proteins  could  be  quantitated  by  autoradiography. 

It  was  found  that  a  mlnimutn  of  10^  radioactive  sulphur  atoms  were  required  to 
sufficiently  expose  X-ray  film  so  that  scanning  densitometry  could  be  used  for 
quantitation.  Calculations  based  on  this  determination  indicated  that  the  expected 
misincorporation  of  ^^S-cysteine  into  T7  proteins  in  infected  minicells  would  be 
insufficient  to  permit  autoradiography  to  be  used  as  the  assay  for  misincorporation. 
It  was  therefore  decided  to  develop  a  more  sensitive  assay  based  on  iomuno- 
precipltation  of  specific  T7  proteins  synthesized  in  infected  minicells.  A  modi¬ 
fication  of  a  published  procedure  to  isolate  T7  0*3  gene  product  has  been  developed 
and  we  are  now  In  the  position  to  raise  antibody  to  this  purified  protein. 


Experiments  have  begun  to  determine  if  it  is  feasible  to  construct  a  recombinant 
bacteriophage  containing  a  large  (1000-3000  base-pairs)  stretch  of  homopolymer 
l.e.  poly  dA  *dT  or  poly  dG-dC.  The  intent  is  to  develop  a  probe  for  detection  of 
mistranscription  ^  vivo.  These  experiments  have  so  far  been  unsuccessful.  It 
appears  that  although  monopolymers  can  be  constructed  ^  vitro  they  are  not  stable 
In  vivo. 


B ,  Detection  of  ^Sg^cysteine  incorporation  into  T7  polypeptides 


Anucleate  bacterial  cells  (mlnicells)  were  infected  with  T7  and  allowed  to 
Incorporate  ^^S-methionlne  or  ^^S-cystelne.  The  radioactively  labeled  polypeptides, 
synthesized  In  Infected  minlcells,  were  separated  by  electrophoresis  and  the  resultine 
gels  used  to  expose  X-ray  film  using  the  technique  of  fluorography.  As  previously 
observed  three  T7  proteins  (products  of  genes  0*3,  9  and  16)  were  not  labeled  by 
Incorporation  of  3^S-cysteine,  l.e.  they  do  not  contain  cysteine  residues.  Sample 
volumes  were  Increased  to  increase  the  amounts  of  radioactive  proteins  on  the  gels. 

Us  were  still  unable  to  detect  ^^S-cysteine  incorporation  into  0*3,  9  or  16  proteins 
St  sastple  sizes  so  large  that  gel  resolution  was  impaired.  Faint  exposures  of  the 
Z-rsy  film  were  obtained  using  ^^s-cysteine  incorporation  into  0*3  protein  by 
exposing  the  gel  to  the  film  for  8-12  weeks.  This  Is  not,  however,  a  practical 
laboratory  procedure. 

Figure  1  shows  the  results  of  exposing  known  amounts  of  ^Sg-cystelne  to  X-ray 
film.  It  can  be  calculated  that  a  minimum  of  10^  ^^S-atoms  are  required  to  produce 
an  exposure  suitable  for  quantitation  by  scanning  densitometry  in  two  days. 

Assuming  a  random  amino-acid  misincorporation  rate  of  1  per  10,000  peptide  bands 
(1)  and  a  polypeptide  length  of  116  amino-acids  (0.3  protein  (2))  then  one 
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'’^S-cyscelne  should  be  mlsincorporaced  into  approximately  one  0*3  molecule  per  2000 
molecules  synthesized.  (This  assumes  that  mlsincorporation  of  cysteine  occurs  at 
l/20th  the  rate  of  total  amino-acid  mlsincorporation.) 

If  one  0*3  molecule  is  labeled  per  2000  molecules  synthesized  and  10^  ^^S-atoms 
are  required  for  detection  then  a  minimum  of  2x10^^  0*3  molecules  must  be  loaded 
onto  the  gel  for  there  to  be  a  reasonable  probability  that  the  mlsincorporation  of 
35s-cystelne  vill  be  detected  by  our  autoradiography  procedures.  Our  routine 
procedures  employ  1x10^  minicells  per  sample  and  therefore  each  T7  Infected  mini- 
cell  would  have  to  synthesize  20  molecules  of  0*3  protein  to  obtain  the  2x10^^ 
molecules  per  sample  needal for  minimum  detection  of  35s_cysteine  mlsincorporation. 
Synthesis  of  20  molecules  of  0*3  protein  per  infected  minicell  should  occur; 
however,  our  experimental  results  indicate  that  we  do  not  routinely  observe 
33s-cysteine  labeling  of  0*3  protein.  We  must,  therefore,  assume  chat  one  or  more 
of  Che  quantitative  assumptions  used  above  in  making  calculations  is  Incorrect. 
Attempts  Co  stimulate  incorporation  by  addition  of  streptomycin 

(kno%Ri  to  increase  mistranslation  by  a  factor  of  2  to  3)  to  give  detectable  incorpor¬ 
ation  were  not  successful.  The  conclusion  of  these  studies  was  that  quantitation 
of  ^3g_cysceine  incorporation  by  direct  autoradiography  of  extracts  of  T7  infected 
mlnlcells  is  not  sufficiently  sensitive  to  develop  as  a  routine  procedure. 


Purification  of  0*3  protein 

Baaed  on  our  calculations  chat  quantitation  of  ^^S-cystelne  mislncorporaclon 
into  0*3  protein  could  not  be  successfully  obtained  by  scanning  densitometry  we 
decided  to  purify  the  0*3  protein  so  that  antibody  could  be  raised  against  the 
protein  and  used  to  specifically  precipitate  0*3  protein  from  T7  infected  minicells. 
The  mlsincorporation  of  35s-cysteine  could  then  be  quantitated  by  sclntillatlen 
counting.  In  addition,  antibody  against  0*3  protein  could  be  used  to  precipitate 
0*3  protein  synthesized  in  T7  infected  cells,  as  well  as  in  minieells,  increasing 
Che  potential  alternative  systems  in  which  0*3  protein  could  be  used  Co  assay  errors 
in  protein  synthesis. 

A  procedure  for  purification  of  0*3  protein  has  been  published  (2)  and  we 
initially  followed  the  procedure  precisely  as  described.  In  essence  the  purifica¬ 
tion  depends  on  the  ability  of  0<3  protein  Co  bind  to  DEA£  even  in  the  presence 
of  0*3M  NH4CI  plus  Che  unusual  property  that  0*3  protein  is  soluble  in  ethanol. 

Our  experiments  confirmed  chat  0*3  can  be  separated  from  most  proteins  in  an 
extract  of  T7  infected  cells  by  binding  to  D£A£  at  0*3M  NH4CI  and  elution  at  0*7M 
NH^Cl.  Our  problems  arose  in  our  attempts  to  repeat  the  published  procedures  to 
dissolve  0*3  protein  in  ethanol  following  TCA  precipitation.  A  very  time  consuming 
scries  of  experiments  were  undertaken  varying  salt  concentration,  pH,  sequence  of 
additions,  etc.  to  obtain  pure  0*3  protein  as  determined  by  SDS-gel  electrophoresis 
using  silver  nitrate  staining.  We  now  have  resolved  these  problems  and  have  0*3 
protein  in  sufficient  amounts  to  begin  vaccination  procedures  for  antibody  produc¬ 
tion.  Figure  2  is  a  flow  chart  of  our  procedure  for  isolating  0*3  protein  from 
T7  infected  cells. 
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Figure  2.  Purification  of  T7  0*3  protein.  Modification  of  the  procedure  described 
by  Mark  and  Studler  (1981). 
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Construction  of  a  lambda  based  recombinant 

Only  •  limited  number  of  experiments  have  been  undertaken  on  this  part  of 
the  project  as  Dr.  Alice  Desmyter,  who  was  hired  to  carry  out  these  experiments, 
did  not  arrive  In  Columbus  until  December  1981.  The  problem  of  recruiting  trained 
personnel  for  recombinant  DNA  studies  was  the  basis  for  the  no-cost  extension 
granted  to  the  project.  Our  experiments  to  date  have  been  designed  to  determine 
the  procedural  conditions  to  synthesize  long  (1000-3000)  base-pair  homoduplexes 
using  DNA  polymerase  I  In  the  absence  of  template  DNA  and  using  temlnal  trans¬ 
ferase.  Based  on  the  results  of  Incorporation  of  radlochemlcally  labeled  precursors 
and  gel  electrophoresis  of  products  It  does  appear  that  molecules  of  the  appropriate 
length  can  be  synthesized  ^  vitro.  We  have  not,  so  far,  been  able  to  clone 
these  molecules  Into  lambda  vectors.  The  preliminary  experiments  already  completed 
Indicate  that  homopolymers  may  not  be  stable  ^  vivo.  A  similar  conclusion  has 
been  reached  by  Prof.  R.D.  Wells  (University  of  Wisconsin;  Personal  communication 
1981). 


Report  £fi£  reigarch  undertaken  between  Eelu  lu.  1982  -  Aug,  lx  12£2 
A.  Abatract 

The  T7  0.3  gene  product  (0.3  protein)  vae  purified  by  a 
modification  of  the  publiahed  procedure  (2)»  and  uaed  to  raise 
antibody  to  this  protein.  A  radioimnune  precipitation  (RIP)  assay  vas 
developed  vhich  could  be  used  to  estimate  the  increased 
mis incorporation  of  cysteine  into  0.3  protein.  Parameters  of  the  RIP 
assay  were  varied  to  make  the  RlP-polyacrylamide  gel  electrophoresis 
(RIP-PAGE)  assay  specific  for  the  0.3  protein.  A  single  protein  band 
vast  however,  never  achieved  although  increased  misincorporation  of 
cysteine  into  the  0.3  protein  can  now  be  estimated  by  RIP-PAGE 
combined  with  scanning  densitometry. 

Experiments  to  determine  the  normal  level  of  mistranslation  in 
vivo  are  currently  in  progress.  All  necessary  preliminary  experiments 
for  these  assays  have  been  completed.  We  have  devised  a  labeling 
medium#  determined  the  minimum  saturating  levels  of  cysteine  and 
developed  satisfactory  methods  to  purify  small  amounts  of  labeled  0.3 
protein,  to  demonstrate  nonconversion  of  cysteine  to  methionine  and  to 
reliably  determine  the  specific  activity  of  purified,  labeled  0.3 
protein. 
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B.  Detection  of  ■’•'S-cvsteine  ineorporation  into  protein 
radioimmune  precipitation 

1.  Freliminary  experiments.  Rabbit  antibody  was  raised  to 
purified  0.3  protein.  This  vas  allowed  to  react  with  ^S-methionine 
labeled  lysates  of  T7-infected  £..  coli  cells.  In  our  initial  RIP 
experiments  protein  A-containing  R.  aureus  vas  used  to  precipitate 
ioDune  complexes.  On  visualisation  of  the  immune  complexes  by 
fluorography  following  PAGE.  0.3  protein  vas  the  major  band  present; 
however,  other  polypeptides  were  also  present.  Exhaustive  attempts 
were  made  to  remove  these  extraneous  polypeptides  by  varying 
conditions  of  the  assay.  Improvements  were  seen,  especially  when 
protein  A  Sepharose  vas  used  instead  of  R.  aureus  for  precipitation  of 
immune  complexes  (fig.  3).  We  were,  however,  unable  to  completely 
eliminate  the  other  polypeptides.  This  may  be  due  to  nonspecific 
adherence  of  these  polypeptides  to  protein  A  Sepharose  or  to  the 
presence  in  our  0.3  antiserum  of  rabbit  antibody  to  £..  coli  or  to 
other  T7  proteins. 

2.  Specificity  OL  ARr  rip -page  assay  ffir  Ibe.  ILR  protein. 
Specificity  vas  demonstrated  by  reacting  normal  or  immune  serum  with 
lysates  of  R.  coli  strains  infected  with  a  T7  amber  mutant  (CRlOb)  in 
the  0.3  gene.  These  strains  were  either  capable  or  incapable  of 
suppressing  the  nonsense  mutation  in  the  0.3  gene  (fig.  4).  With 
normal  serum,  protein  vas  not  seen  in  the  0.3  protein  position  in 
either  case,  but  with  immune  serum  the  0.3  protein  vas  seen,  and  only 
when  the  nonsense  mutation-suppressing  strain  vas  used. 

3.  Increase  in  misincorporation  qI  cysteine  into  (LR  protein 
yijth  drugs .  The  RIP-PAGE  assay  was  used  to  detect  an  increase  in 
■'■'S-cysteine  incorporation  into  the  0.3  protein  after  treatment  with 
streptomycin  or  gentamicin.  An  increase  in  incorporation  vas  detected 
by  both  scintillation  counting  and  autoradiography  using  either  drug 
at  all  concentrations  tested  (5.  10.  20  and  40  ug/ml).  In  the 
absence  of  drugs  ^S-cysteine  incorporation  into  0.3  protein  vas 
detectable  by  autoradiography  in  only  some  experiments  and  in  those 
cases  exposure  times  in  excess  of  2  weeks  were  required.  When 
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FIGURE  3 


la  ■  Uninfected  E.  coli  +  normal  serum  +  aureus 

lb  ■  Uninfected  coli  +  immune  serum  1  +  S^.  aureus 

lc  “  Uninfected  E.  coli  +  Immune  serum  2  +  ^.  aureus 

2a  •  T7  infected  E.  coli  +  normal  serum  +  S^.  aureus 

2b  ■  T7  infected  E.  coli  +  absorbed  immune  serum  1  +  S_.  aureus 

2c  ■  T7  infected  E.  col_i  +  immune  serum  1  +  ^.  aureus 

2d  •  T7  Infected  E.  coli  +  absorbed  immune  serum  2  +  ^.  aureus 

2e  •  T7  Infected  E.  coli  +  immune  serum  2  +  S.  aureus 


38  ■  T7  infected  E.  coll  +  normal  serum  +  protein  A  Sepharose 
3b  •  T7  Infected  E.  coll  +  absorbed  Immunt-  serum  1  +  protein  A  Sepharose 
3c  ■  T7  infected  E.  col  1  +  Immune  serum  1  +  protein  A  Sepharose 

3d  ■  T7  Infected  E.  col  1  +  Immune  serum  2  +  protein  A  Sepharose 

m  Extract  of  T7  infected  E.  col 1  B  cells  used  in  this  experiment 

Ab  -  Extract  of  T7  Infected  E.  coll  B  cells  used  in  this  experiment 


fV'  \  T  I  V  ^ ^  '  ^’V^M  ^’T  ^TT  ^77  ^7,  XT'  ?^.  ^  ^  T  r*'! 


Specificity  of  the  RIP-PACE  Assay  for  0.3  Protein 
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T7  infected  coll  labelled  with  ’.r  -n>ethlonine  was  allowed  to  react 
with  normal  or  immune  serum  and  then  protein  A  Sepharose. 

la  ■  T7  Infected  coll  B  +  normal  serum 

lb  ■  T7  Infected  coll  B  +  immune  serum 

2a  ■  T7  (0.3  amber  mutant)  infected  Su"*"  strain  of  E.  coll  +  normal  serum 

2b  ■  T7  (0.3  amber  mutant)  infected  Su'*'  strain  of  E.  coli  +  immune  serum 

3a  ■  T7  (0.3  amber  mutant)  Infected  Su°  strain  of  E.  coli  +  normal  serum 

3b  •  T7  (0.3  amber  mutant)  infected  Su°  strain  of  coli  +  immune  serum 

4  ■  Extract  of  T7  Infected  E.  coli 


•trcptoaycio  or  gentanycio  w«ra  added*  however*  ^^S-cyateice 
incorporation.. was  always  detectable  and  the  darkness  of  the  band 
(amount  of  ^^S-cysteine  incorporation)  was  proportional  to  the 
concentration  of  the  drug  used  (fig.  5).  To  quantitate  the  increase 
in  aisincorporation  of  ^S-cysteine  into  0.3  protein  we  will  subject 
this  autoradiogram  to  scanning  densitometry.  An  isolated 
cysteine-containing  protein  will  be  used  to  correct  for  the  overall 
decrease  in  protein  synthesis  resulting  from  the  use  of  gentamicin  at 
these  high  concentrations. 


c.  Detenaination  at  ihg  ttorBAl  aiitrtniUtioa  Itvel  ia  xixa 

To  estimate  the  increased  error  frequency  in  translation  ia  vivo 
when  drugs  or  toxic  chemicals  are  present*  it  is  necessary  to  know  the 
natural  error  level.  The  T7  0.3  protein  system  provides  an  advantage 
over  other  systems  used  to  estimate  mistranslation  levels  ia  vivo • 
The  T7  0.3  protein  is  made  only  after  T7  infection  and  therefore  all 
the  0.3  protein  made  is  under  the  conditions  of  the  experiment*  i.e.* 
all  0.3  protein  synthesized  is  labeled.  It  is  therefore  unnecessary 
to  determine  the  amount  synthesized  during  the  labeling  period 
relative  to  the  amount  existing  before  label  was  added.  In  addition* 
we  have  simplified  the  purification  procedure  for  0.3  protein  and  made 
it  suitable  for  the  small  amounts  of  protein  obtained  in  labeling 
experiments. 

1 .  Purification  at  amalT  annua t^  labeled  protein.  Two 
methods  were  compared:  affinity  chromatography  using  rabbit  anti-  0.3 
antibody  conjugated  to  CNBr-activated  Sepharose  6B  and  DBAS  cellulose 
anion  exchange  chromatography  followed  by  ethanol  extraction  (scaled 
down  from  our  procedure  to  purify  milligram  amounts  of  0.3  protein). 
We  found  that  the  0.3  protein*  eluted  from  the  inninoaff inity  column* 
was  impure  and  required  additional  ethanol  extraction  steps  for  a 
complete  purification.  In  addition*  the  capacity  of  the 

inmunoaf finity  columns  was  much  less  than  that  of  the  DEAE  columns  and 
not  sufficient  to  retain  all  the  0.3  protein  made  in  a  labelling 
experiment.  We*  therefore*  decided  against  the  use  of  imsiunoaf finity 
chromatography  and  have  used  anion  exchange  chromatography  for  the 
initial  purification  steps. 

2.  EgperiaentAl  conditioni  aeccAggry  for  calculations  at 
mistranalation  levels.  To  calculate  the  normal  mistranslation 
frequency*  i.e.*  the  number  of  cysteine  residues  per  molecule  of  0.3 
protein*  it  is  necessary  to  know  the  specific  activity  of  cysteine 
available  to  the  cell  for  protein  synthesis.  This  means  that  the 
amount  of  radioactively  labelled  cysteine  provided  should  not  be 
^^luted  by  endogenous  cysteine  synthesis  nor  should  the  precursor 
'^S-cysteine  be  converted  to  methionine.  An  excess  of  methionine  must 
be  provided  to  block  cysteine  conversion  into  methionine  by  feedback 
inhibition  and  the  endogenous  pathway  of  cysteine  biosynthesis  must  be 
repressed  by  providing  a  saturating  level  of  cysteine  in  the  absence 
of  sulfate.  Experiments  were  performed  to  determine  miniaium 
saturating  levels  of  cysteine  and  methionine.  In  Figures  6  and  7 
cysteine  and  methionine  uptake  can  be  seen  to  be  at  the  saturating 
level  at  3  X  10  M.  Additional  experiments  showed  that  the  minimum 
saturating  level  for  both  amino.acids  was  2  x  I0~  M. 

3.  Demons t ration  thAL  Ia  AQA  transferred  from  cysteine 
methione .  If  ^S-cysteine  were  converted  to  '^^S-methionine  the 
calculated  error  level  in  the  synthesis  of  0.3  protein  would  be  higher 


sttine  Incorporation  into  0.3  Protein 


Increaeea  with  Increasing  Gentamicin  Concentration 


4a  4 


FIGURE  5 


Gentamicin  (ug/ml) 


Lanes  la,  2a,  3a  -<■  4a  are  extracts 
of  T7  infected  E.  coli  B,  labelled 
with  '*^S-cysteine,  and  allowed  to 
react  with  normal  serum  and  then 
protein  A  Sepharose.  Lanes  lb,  2b, 

3b  •¥  4b  are  extracts  of  T7  infected 
E.  coli  B,  labelled  with  ^^S-cysteine 
and  allowed  to  react  with  antiserum 
and  then  protein  A  Sepharose. 
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than  the  true  error  level  aince  aethiooine  ia  present  in  0.3  protein. 
It  iai  therefore,  necetaary  to  ahov  that  aethionine  in  the  0.3  protein 
containa  no  when  '^^S-cyateine  ia  aupplied  and  that  all  the 

radioactivity  ia  preaent  in  cyateine.  Thin  layer  chromatography  (TLC) 
waa  choaen  aa  the  beat  way  to  deteraine  thia.  Several  aolvent  ayateaa 
and  atat ionary  phaae  aolid  aupporta  were  examined  in  preliminary 
experiaenta  to  deteraine  the  beat  way  for  aeparation  of  aethioine  and 
cyateine.  We  found  that  two'diaenaional  TLC  provided  no  advantage 

over  one-diaenaional  TLC  and  that  N-propanol:  aamonium  hydroxide  waa 
the  aolvent  ayatea  beat  auited  to  our  needa.  Silica  gel*  celluloae. 
or  paper  can  be  uaed  aa  tbe  aolid  aupport.  The  apecific  activity  of 
^S-cyateine-labeled  0.3  protein  ia  naturally  very  low  and  therefore 
long  expoaure  tiaea  of  the  TLC  chromatograms  to  x-ray  flm  are  needed 
for  aatiafactory  autoradiography. 

We  expect  to  obtain  a  preciae  determination  of  the  normal  error 
level  for  tranalation  in  vivo  during  tbe  ayntheaia  of  0.3  protein 
within  the  next  few  montha. 
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A.  Abatraet 

Aa  part  of  our  afforta  to  doTtlop  a  aiaplo  ia  xiXA  aaaay  for  the  ability 
of  pollataata  to  iaereaae  •iatraaalatioo*  «e  hare  deterviaed  the  aomal 
fregueaey  of  ■iatraaalatioa  reeultiag  ia  axaiacorporatioa  of  amiao  aeida  into 
the  T7  0.3  protein.  An  aaerage  value  of  0.019  eyateiae  reaiduea  per  aoleeule 
ana  found  ia  thia  noa-eyateine-eoataiaiat  protein.  Since  there  are  116  aaiao 
aeida  ia  the  proteia*  thia  repreaeata  1  eyateiae  aiaiaeorporated  per  5.000 
aaiao  aeida:  a  niatraaalatioa  frequency  of  3  s  10*^  per  eodoa.  Control 
experiaenta  were  carried  out  ia  ahich  the  auaber  of  aetbionine  reaiduea  in  0.3 
protein  vaa  acaeured.  Our  ezperiacntal  reaulta  indicated  that  0.3  proteia  baa 

5.7  aethioaiae  reaiduea  per  aoleeule.  The  DMA  sequence 
iadicatea  that  0.3  proteia  actually  eoacaiaa  6  acchioniaca  per  aoleeule. 

Additional  evidence  to  aupport  our  value  for  aoraal  aiatranalatioa  ia  0.3 
proteia  vaa  the  deaonatratioa  that  ia  aot  transferred  froa  cysteiae  to 
aethioaiae.  Experiaenta  uaiag  a  aethxonine~eyateiBe  double  auxotrophic 
atraia.  £.  eoli  EL266.  gave  values  for  Bcthioaiae  and  eyateiae  iacerporation 
into  0.^  protein  aiailar  to  thoae  obtained  vitb  the  prototrophic  eoli 
atraia  B;  Autoradiograaa  of  thia  layer  ehronatograas  of  aaterial  produced  by 
hydrolyaia  of  ^^S*eyateinc*labeled  0.3  proteia  shoved  that  the  radioactivity 
aaa  still  ia  eyateiae  and  had  not  been  aetabolixed  to  aethioaine. 


I.  Details  eyperiaeata  eoimleted  bgfHeta  8/I/fl2  A&d  2/1/83 

1.  Beteyginatiaa  af  the  eTTor  level  in  Q  .3  proteia  tranglation  bv  ^evsteine 
■isinaaruaratiaa 

Our  last  progress  report  described  prcliainary  experiaenta  vhieh 
deteradaed  conditions  for  caleulatioas  of  aisiacorporation  of  cysteine  into 
the  aoa*cysteiBe~coBCaiBiBg  T7-eacoded  0.3  protein.  Based  on  these 

experiacata  ve  have  deterained  the  aiatranalatioa  frequency  during  aomal  T7 
iefectioa  of  £.  eoli  (Table  1).  In  aiailar  .experiaenta  substituting 
^^S-aeehioaiae  for  ’’^S-eysteiae.  aad  adding  2  x  10*^  M  aethioaine  to  saturate 
the  aethioaine  transport  systea.  ve  have  expcriaentally  detemined  the  nuaber 
of  aethioaiae  residues  per  0.3  aoleeule  (Table  1).  The  latter  experiaeata 
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rtprctcae  «a  ideal  eeotrol  for  all  paraactara  of  the  tzpariaenta  aiace  it  ia 
kao«B  (1)  that  tbe  0*3  proteia  coataiaa  6  aetbioaiaa  reaiduca. 


Caleulatioaa  uaad  to  daterBiae  tha  auabar  of  cyataiae  (or  aathioaiaa} 
raaidoaa  iacorporatad  iato  ttaa  0<3  protaia  ara  aa  follova: 

(1)  Spaeifie  aetiTity  of  ^^S-eyataiaa  (total  auabar  of  cya 
reaiduaa/C?M)  «_ 

■a.  *  Hq.  mnleeii!**  eya  in  culture 

C?K  of  ^S-eyataiaa  added  to  culture 

(2)  Spaeifie  actiTity  of  0.3  proteia  (Nuabar  cya  raaiduea  per  aolecula 
0.3  protaial  - 

CPI  fit  1  mLai. 

aolaeulaa  of  0.3  proteia  is  1  al 

Tha  ealeulatioa  requirea  labaliag  of  0.3  proteia  vitb  eyateine 

followed  by  bioeheaieal  purificatioa  of  the  proteia  aad 
radioehaaieal  Beaaureaeata  oa  the  purified  proteia.  Tha  folioviag  acbeae  haa 
baaa  dawalopad  to  purify  tha  0.3  proteia  aad  obtaia  the  required  aeaeureaeata : 

£•  £a11  B  ia  growa  to  8  z  10^  ealla/al  (Ac..  sO.8)  (exponentially  growing  cells 

which  are  most  susceptible  to  phage  infection.) 

i 

Calla  are  waahad  twiea  ia  N9  aiaiaal  aadiua. 

,  i 

Calla  are  rcaoapaadad  at  2  z  10  /al  ia  50  al  M9  aiaiaal  aediua  eoataiaing  2  z 
10*  K  eyataiae  0.1  ag  aethioaiaa/al  *  lOZ  (y/t)  Cyateiae  daaay  Medlua 
iDifeo)  (for  ^^S-cyateiae  labeling). or  2  z  10*^  M  aatbioaiae  lOZ  (▼/▼) 
Mathioniaa  Aaaay  Madiua  (Difeo)  (for  ^S-acthxoniaa  labeling). 

i 

Tha  T7  autantH3lJal93I.G3  ia  added  at  MOl  >3. 

3S  35  ^ 

S'cyateine  (or  S'-mthionine)  ia  added  at  10  jiCi/ml, 

I 

Zafaetad  calla  are  incubated  for  1  hr  at  37^C  vitb  shaking. 

i 

Calla  ara  centrifuged  for  10  ain  at  10.000  z  g. 

i 

Calla  are  reauapended  in  2  al  lyaia  buffer  20  ^1  2  ag  lyaozyae/ml  10  ^1 
O.S  aM  PMSF  (proteaae  inhibitor). 


I 


Calla  are  incubated  30  ain  at  32  •  then  frozen  and  thawed  5  tiaes. 

i 

BHA  ia  digeated  Vitb  10  ul  2  ag  DNaae/al  20  ul  1  II  MgSO.  *  incubation  for  30 
--.O/-  '  r 


aia  at  32''C. 


IS 


I 


Tbc  Tolaoc  is  aessured  sod  RH,  Cl  is  added  to  0.3  K. 


The  li^id  is  ceotrifuged  for  IS  ain  ae  17»000  x  g. 

i 

Tbc  clarified  supernatant  ia  passed  through  a  DEAZ  coluan  e<iuilibrated  vith 
0.3  H  RH^Cl  -  20  otl  Tris  buffer.  pH  8.  The  column  (Toluae  ~  10  ml)  is  washed 
vith  100  al  of  0.3  H  NH^Cl-Tris  buffer.  Acidic  proteins  are  eluted  with  a  40 

.......  ... 

Tractions  are  tested  for  0.3  protein  by  the  Ouchterlony  iosunodif fusion 
technique  using  rabbit  anti-0.3  antiserua.  raised  as  part  of  this  project. 

1 

Tractions  containing  the  0.3  protein  are  pooled,  and  protein  is  precipitated 
vith  lOZ  (w/w)  trichloroacetic  acid  (TCA) . 

i 

The  precipitate  is  dissolved  in  Tris  buffer.  pH  8.8.  The  volume  of  buffer 
added  is  determined  by  the  4..^^  sua  of  the  pooled  fractions.  (Ezaaple:  if 

the  A2gQ  sua  is  4.0.  0.40  al  or  buffer  is  added.) 

>L 

Tour  volumes  of  9SZ  ethanol  arc  added,  and  the  solution  is  placed  on  ice  for 
30  Bin. 


The  solution  is  centrifuged  for  15  ain  at  17.000  g. 

i 

The  pellet  is  discarded  because  0.3  protein  is  soluble  in  ethanol.  An  equal 
voluae  of  lOZ  TCA  is  added  to  the  supernatant. 

i 


The  solution  is  placed  on  ice  for  1  hr. 


The  solution  is  centrifuged  for  15  ain  at  17.000  z  g. 

i 

The  pellet  is  dissolved  in  0.5  al  Tris  buffer.  pH  8.8. 


The  pellet  is  tested  for  purity  of  0.3  protein  by'SDS-PAGE  (1U-20Z  gradient) 
and  stained  for  protein  vith  the  silver  nitrate  staining  technique. 

'L 

The  quantity  of  pure  0.3  protein  ia  determined  using  the  Bio-Rad  Protein  Assay 
kit. 
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10  of  purt  0.3  protcio  is  Applied  to  filters  (in  triplicate}. sod  counted  in 
•  scintillstioo  counter.  5  >il  of  s  1:1000  dilution  of  the  ^^S-cysteine  (ss 
supplied  by  the  annufscturers)  is  slso  counted  in  triplicste. 

i 

Cs leu 1st ions  sre  then  performed. 


2.  Petiion«tT*tin«  ^-crateia#  Qfi£.  eoav^rtiid  ^-mathionia# 

If  were  transferred  from  cysteine  to  methionine,  the  calculated  error 
level  in  the  synthesis  of  0.3  protein  would  be  higher  chan  the  actual  error 
level  since  methionine  is  present  in  0.3  protein.  We  demonstrated  was  not 
transferred  from  cysteine  to  methionine  in  two  ways. 

(1)  ne  bydrol;.ate  of  0.3  protein*  synthesized  in  the  presence  of 
’^^S-cysteine*  was  resolved  into  individual  smino-aeid  spots  by 
thin  layer  chromatography  (cellulose  matrix  using  N-propanol: 
anoniua  hydroxide  (70:30)  as  solvent).  Autoradiography  was  used 
Co  locate  on  the  chromatograms.  The  radioactivity  was 
located  in  the  cysteine  spot  and  not  in  the  methionine  spot. 

(2)  An  £,.  eoli.  strain  auxotrophic  for  methionine  and  cysteine 
was  used  as  host  for  T7  infection.  (£.  eoll  tL266) .  This 
strain  is  defective  in  meg.  C.  (tetrabydropteroyltriglutamate 
methyl  transferase)  and  eva  (adenylsulfate  kinase)  and  cannot 
convert  cysteine  to  tsechionine.  Ttic  levels  of  ^^S-cysteine 
incorporation  into  0.3  in  TT-inf acted  £.  eoli  CL266  were  not 
significantly  different  from  the  levels  of  incorporation  found  with 
prototrophic  £.  eoli  strains  (Table  1). 


T«hl«  !•  IncorporaClott  of  Cystclae  and  Methionine  into 
the  0.3  Protein 


Experiment 

coll 

strain^ 

No .  cys  residues^ 
per  molecule 

2  3 

No.  met  residues  ’ 
per  molecule 

6 

B 

.021 

— 

7 

B 

.022 

— 

9 

B 

.028 

— 

11 

B 

.023 

— 

10 

KL266 

.012 

— 

13 

ICU66 

.016 

— 

3 

B 

— 

S.2 

5 

B 

— 

6.4 

4 

10.266 

— 

3.7 

8 

10.266 

— 

4.3 

Z.  coll  B  Is  prototrophic. 

E^.  coll  KL266  is  F”,  leu  B6.  proC32.  hlsFBO .  cvsC&3 .  thvA5^ . 
aecE70.  thi-1 .  ara-14.  Iac236.  xyl~5.  atl-L .  nalA38.  rpsEZlIS . 
(■  spc  Al5) ,  rpsL109  (■  strAl09) . 

^  Values  calculated  on  the  basis  of  ^^S-cystelne  or  ^^S-aethlonlne 
incorporatioo . 
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Direct  amino  acid  sequencing  and  the  known  DMA  sequence  predict 
6  methionines  per  molecule  of  0.3  protein  (I). 


II.  Research  undertaken  between  February  1,  1983  nnd  July  31.  1983 


A.  Overall  Objectives 

1.  To  develop  a  simple,  quantitative  Ija  vivo  assay  for  the 
mistranslation-inducing  activity  of  pollutants. 

2.  To  determine  the  molecular  basis  for  mistranslation  resulting  in  the  i 

incorporation  of  cysteine  into  a  protein  which  normally  contains  no  I 

cysteine. 

B.  Precise  objectives  for  the  period  2/1/83  -  7/31/84 

1.  Production  of  a  monoclonal  antibody  to  the  0.3  gene  product  and  use  i 

of  this  antibody  in  development  of  a  radioimmune  precipitation  ! 

assay. 

! 

2.  Direct  determination  of  whether  cysteine  substitutes  only  for 

arginine  in  mistranslation  during  synthesis  of  0.3  protein.  | 

C.  Abstract  ! 


Ve  have,  in  experiments  directed  toward  the  first  overall 
objective,  established  the  natural  level  of  cysteine  misincorporation 
into  the  bacteriophage  T7  encoded  0.3  protein.  Ve  have  also  shown  that 
this  level  can  be  increased  by  altering  the  environment  of  the 
translation  machinery.  This  can  be  accomplished  either  by  growing  cells 
in  the  presence  of  mistranslation-inducing  antibiotics  or  by  introducing 
mutations  which  cause  defective  rlbosomal  proteins  into  the  cells  being 
studied  (see  attached  preprint).  The  above  results  were  obtained  using 
purified  0.3  protein.  Additional  experiments  directed  toward  the  first 
objective  have  led  to  a  second  procedure  for  quantitating  cysteine 
misincorporation  into  0.3  protein.  A  radioimmune  precipitation  (RIP) 
assay  was  developed  which  used  polyclonal  antibodies  to  0.3  protein, 
SDS-polyacryl amide  gel  electrophoresis  (SDS-PAGE),  and  scanning 
densitometry.  We  are  currently  preparing  monoclonal  antibody  to  0.3 
protein  to  obviate  the  need  for  SDS-PAGE  and  scanning  densitometry. 
Experiments  directed  toward  the  second  overall  objective  have  provided 
interesting  preliminary  results.  Trypsinlzation  of  cysteine-labeled  0.3 
protein  and  analysis  of  fragments  by  SDS-PAGE  have  shown  that  new 
peptide  fragments  are  produced.  This  indicates  that  cysteine  is 
substituting  for  arginine.  Cleavage  of  cysteine-labeled  0.3  protein 
with  CNBr  and  analysis  of  the  peptide  fragments  by  gel  filtration, 
however,  results  in  3**4  labeled  fractions  which  should  not  occur  if 
cysteine  were  substituting  only  for  arginine.  This  indicates  that 
cysteine  substitutes  for  at  least  one  other  amino  acid  besides  arginine. 
These  results  will  be  confirmed  and  refined  by  HPLC  (high  performance 
liquid  chromatography). 

D.  Details  of  experiments  completed  between  2/1/83  and  7/31/83 

1.  Progress  in  preparation  of  monoclonal  antibody  to  the  0.3  protein 

Ve  have  twice  constructed  hybrldomas  which  produce  the  desired 
antibody  but  on  both  occasions  the  positive  clones  did  not  survive 
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continued  serial  passage.  Probleas  of  fungal  oontaalnatlon  were 
also  encountered.  Ve  are  now  Into  our  second  nontb  of  the  third 
preparation,  have  no  signs  of  fungal  contaDlnation,  and  we  have 
several  positive  bybrldonas.  If  these  clones  prove  to  be  stable  and 
we  are  successful  in  preparing  pure  aonoclonal  0.3  protein 
antibody-producing  clones,  we  will  use  this  antibody  in  the  RIP 
assay  which  we  previously  developed  using  polyclonal  antibody.  We 
anticipate  that  the  pure  antibody  will  precipitate  only  0.3  protein 
(^^S-cysteine  labeled)  allowing  quantitation  of  cysteine 
incorporation  by  simple  scintillation  counting  of  the  immune 
precipitate. 

2.  Experiments  to  determine  whether  cysteine  substitutes  only  for 
arginine  during  0.3  protein  synthesis  under  normal  (non-drug, 
non-pollutant)  conditions 

Two  types  of  experiments  have  been  performed  -  trypslnlzation 
of  ^^S-cystelne-labeled  0.3  protein  and  chemical  cleavage  of 
”s-cysteioe-labeled  0.3  protein  with  CNBr.  The  0.3  protein 
fragments  were  analyzed  by  SDS-PAGE  (.20%  acrylamide)  and  by  gel 
filtration  (Sephadex  C-50,  Sepbadex  G-25,  Bio-gel  P6  and  Bio-gel 
PA). 


Analysis  of  0.3  protein  fragments  by  SDS-PAGE  has  been 
unsatisfactory  because  of  lack  of  resolution  of  the  lower  MW  peptide 
fragments.  A  smear  is  seen  instead  of  discrete  bands.  We  have  been 
using  the  Laemli  *Trls  discontinuous  buffer  system*  with  20% 
acrylamide.  A  continuous  sodium  phosphate  buffer  system  has  been 
found  to  give  somewhat  better  resolution  of  bands  but  the  0.3 
peptide  fragments  migrate  to  different  positions  relative  to  the  MW 
standards  using  this  buffer  system.  Results  of  an  experiment  in 
which  0.3  protein  was  trypsinized  and  peptide  fragments  separated  by 
SDS-PAGE  using  the  sodium  phosphate  buffer  system  are  shown  in 
figure  1.  The  major  peptide  band  of  ^^cys-,  ^^C-,  and  ’^S 
met-labelled  0.3  proteins  has  an  apparent  MW  slightly  larger  than 
6000.  Since  the  largest  complete  cleavage  peptide  should  contain  47 
amino  acids,  equivalent  to  a  MW  of  4700,  this  band  is  probably  a 


The  bands  marked  *A",  *B*,  and  *C*  are  47  amino  acid,  32  amino  acid, 
and  19  amino  acid  complete  tryptic  digestion  products  of  0.3 
protein.  There  is  no  methionine  in  the  32  amino-acid  fragment,  and 
therefore  this  band  does  not  show  up  in  the  lane  containlng^^S 
met-labeled  0.3  protein.  The  19  amino-acid  peptide  (which  contains 
methionine)  can  be  seen  on  the  original  autoradiogram  but  is  not 
easily  seen  on  the  photographic  reproduction  shown  in  Figure  1 . 
Interestingly,  there  is  no  cysteine  in  the  32  amino  acid  peptide, 
whereas  cysteine  is  found  in  the  19  amino  acid  peptide  and  in  a 
smaller  MW  peptide. 

There  are  six  amino  acids  for  which  cysteine  could  possibly 
substitute  by  misreading  of  a  single  base  in  the  codon:  arginine, 
tyrosine,  tryptophan,  serine,  phenylalanine,  and  glycine.  From  the 
trypslnlzation  experiments  we  can  deduce  the  following:  We  can 
tentatively  say  that  cysteine  substitutes  for  arginine  because  a 
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band  with  a  dlffarant  MU  la  aaan  only  when  0.3  nrotein  la  labelled 
vltb  eyateine.  Relative  to  the  aajor  band  of  and 
^S-aet-labelled  0.3  protein,  tbla  band  baa  an  Increaaed  mobility 
(decreaaed  alze)  vhereaa  If  an  arginine  alte  were  no  longer 
available  for  cleavage  by  trypaln  becauae  of  oyatelne  aubatltutlon 
for  arginine  the  cyatelne-contalnlng  tryptic  peptide  ahould  have  an 
Increaaed  alze.  However,  the  poaalblllty  remalna  that  thla  major 
^^S-cya-labeled  band  la  the  higher  MU  band  predicted  to  be  formed  by 
lack  of  an  arginine  alte  N- terminal  to  the  47  AA  peptide  (band  A). 

2}  The  32  amino  acid  peptide  oontalna  no  eyateine  (a  reault 
confirmed  by  gel  filtration)  and  therefore  eyateine  la  probably  not 
aubatltutlng  for  tyroalne  or  tryptophan.  (Theae  are  the  only  two 
amino  aelda  of  the  poaalble  alx  for  which  eyateine  could 
aubatltute.)  3)  Cyatelne  la  found  In  the  19  amino  acid  peptide 
(determined  by  gel  filtration)  and  therefore  It  appeara  that 
cyatelne  doea  aubatltute  for  aerlne  and/or  phenylalanine. 

Uhen  cyatelne-labelled  0,3  protein  waa  cleaved  with  CNBr  and 
fragmenta  examined  by  gel  filtration,  almllar  reaulta  were  obaerved. 
Elgure  2  ahowa  a  typical  experiment.  0.3  protein  labeled  with 
^B-laoleuclne  or  with  ^^S-cyatelne  were  mixed,  cleaved  with  CNBr, 
and  analyzed  on  Sephadex  G-50.  If  cyatelne  were  aubatltutlng  only 
for  arginine,  aa  auggeated  by  Edelmann  and  Gallant  (Cell, 

JLfl:  131*’137,  1977)  there  ahould  be  peaka  correapondlng  only  to  the  45 
and  22  amino  acid  peptldea  (the  only  CNBr  fragmenta  which  contain 
arginine),  and  any  peptldea  reaultlng  from  partial  dlgeatlon  which 
contain  one  or  both  of  theae  fragmenta.  Peaka  B,  C,  D  and  F  contain 
peptldea  produced  by  partial  dlgeatlon.  Also  seen  are  the  45  amino 
acid  peptide  (peak  E)  and  the  22  amino  acid  peptide  (peak  G) .  Three 
additional  peaks  are  however  present  (H,  I,  and  J)  and  theae 
correspond  to  peptides  which  do  not  contain  arginine.  Of  the  6 
amino  acids  for  which  cysteine  could  most  likely  substitute,  these 
fragments  instead  contain  tyrosine,  phenylalanine,  and  serine; 
serine,  glycine,  and  phenylalanine;  and  serine,  respectively.  Very 
similar  peak  profiles  were  obtained  when  peptide  fragments  were 
analyzed  by  Sephadex  G-25,  and  Bio-gel  P6  or  P4.  Our  experiments  to 
date  therefore  suggest  that  In  mistranslation  of  the  T7  0.3  protein, 
cysteine  can  at  least  substitute  for  arginine,  and  probably  also  for 
serine.  Substitutions  for  other  amino  acids  are,  of  course,  still 
possible.  Improved  separation  and  identification  of peptide 
fragments  of  0.3  protein  Is  needed  before  the  precise  substitution 
pattern  can  be  obtedned.  Ue  therefore  plan  to  use  high  pressure 
liquid  chromatography  (HPLC)  to  better  separate  peptide  fragments. 

In  addition,  we  plan  to  Include  the  use  of  reagents  to  cleave  the 
0.3  protein  at  other  residues  to  confirm  our  present  results. 
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REPORT  FOR  RESEARCH  UNDERTAKEN 


BETWEEN  AUGUST  K  1983  -  JULY  31, 


I*  Research  undertaken  between  August  1,  1983  -  February  1,  1984 

A.  Abstract 

B.  Details  of  experlaents  completed  between  8/1/83  and  2/1/84 

1.  Experiments  to  determine  whether  cysteine  substitutes  only  for 
arginine  during  0.3  protein  synthesis  under  nonaal  (non-drug, 
non-pollutant)  conditions. 

2.  Progress  in  preparation  of  monoclonal  antibody  to  0.3  protein. 

3.  Experiments  to  determine  whether  the  T7  0.3  gene  cloned  in  the 
B^.  subtills  phage  Spply  and  Into  the  coll  plasmid  pAR324  is 
expressed  ^  vivo. 

II.  Research  undertaken  between  February  1,  1984  and  August  1,  1984 

A.  Abstract 

B.  Details  of  experiments  completed  between  2/1/84  and  8/31/84 

1.  Purification  of  monoclonal  antibody  to  0.3  protein  from  culture 
media  and  from  ascites. 

2.  Use  of  monoclonal  antibody  to  0.3  protein  in  radloimmune  pre¬ 
cipitation  experiments. 

3.  Progress  In  experiments  to  quantitate  cysteine  misincorporatlon 
in  0.3  protein  encoded  in  the  plasmid  BpAR324. 

4.  Experiments  directed  coward  determination  of  the  molecular 
basis  of  oustranslatlon. 

III.  References 


Research  Undertaken  between  August  I,  1983  -  February  1,  1984 
A.  Abstract 

Experiments  directed  toward  characterization  of  amino  acid  substitutions 
during  siistranslation  using  our  model  of  cysteine  mlsincorporation  into  0.3 
protein  have  suggested  that  cysteine  substitutes  for  arginine.  This  was 
demonstrated  by  the  generation  of  novel  peptides  upon  trypsinization  of 
[33$]  cysteine  labeled  0.3  protein.  Arginine  is  not  however,  the  only  amino 
acid  for  which  cysteine  substitutes  as  shown  by  the  location  of  [33$] 
cysteine-labeled  peptides  in  the  same  electrophoretic  positions  as  peptides 
from  trypsinized  labeled  0.3  protein.  Similar  conclusions  were 

drawn  from  experiments  utilizing  CNBr  treatment  of  [33s]  cysteine-labeled 
0.3  protein  followed  by  analyses  of  peptides  by  gel  filtration.  Experiments 
in  which  the  0.3  protein  was  cleaved  by  two  other  reagents  also  provided 
results  which  suggested  that  cysteine  was  being  misincorporated  in  more 
positions  than  those  of  only  arginine. 

As  part  of  our  efforts  to  develop  a  simple  ^  vivo  assay  for  mistrans¬ 
lation  we  have  succeeded  in  producing  a  hybriccaa  which  synthesizes  0.3 
antibody.  The  monoclonal  antibody  will  be  used  in  developing  a  simple, 
quantitative  in  vivo  assay  for  mistranslation-inducing  activity  of  pollutants. 

In  experiments  directed  toward  determining  the  influence  of  cellular 
environment  on  mistranslation,  we  previously  cloned  the  0.3  gene  (normally 
a  constituent  of  the  coliphage  T7)  into  the  subtilis  phage  SPPl  (1). 

We  have  now  found  that  this  phage  does  synthesize  0.3  protein  but  at  a 
very  low  level.  We  have  also  found  that  the  0.3  gene  cloned  into  the 
coli  plasmid  pAR  324  (2)  is  expressed  in  coli  cells.  Currently,  we"”are 
attempting  to  purify  the  0.3  protein  from  both  of  these  microorganisms 
as  a  first  step  in  quantitating  oiistranslation  of  0.3  protein  synthesized 
in  cellular  environments  different  from  that  in  which  our  original  observa¬ 
tions  were  made,  namely  in  T7-infected  JE.  coli  cells. 


B.  Details  of  Experiments  Completed  Between  08/01/83  and  02/01/8^. 


1.  Experiments  to  determine  whether  cvstelne  substitutes 
only  for  arginine  durinc  0.3  protein  synthesis  under 
normal  (non-drug,  non-pollutant)  conditions. 


..  These  experiments  to  date  have  been  based  on  cleavage  of  purified 
Si  cysteine  labeled  0.3  protein  and  analysis  of  resulting  peptides  for 
radioactivity.  Cleavage  has  been  accomplished  by  treatment  of  0.3  protein 
with  CNBr  (7  peptides  produced),  or  with  trypsin  (7  peptides  produced  or 
5  when  arginine  residues  are  blocked).  Ve  have  also  cleaved  0.3  protein 
at  cysteine  residues  by  cyanylation  and  at  tryptophan  residues  with 
dimethylsulfoxide/HCl/HBr .  Peptides  have  been  analyzed  by  SDS-PAGE  or 
gel  filtration  or  both. 


In  our  last  progress  report  we  discussed  difficulties  observed  in 
resolution  of  small  MW  peptides  by  SDS-PAGE  using  the  Laemli  "Tris 
discontinuous  buffer  system"  and  20T  acrylamide.  We  had  found  that  SDS-PAGE 
using  the  sodium  phosphate  buffer  system  and  202  acrylamide  resolved  these 
low  MW  peptide  bands  more  effectively.  Recently,  we  have  been  using  both 
Che  sodium  phosphate  buffer  with  202  acrylamide  and  Che  Tris  discontinuous 
buffer  system  with  a  132  to  222  acrylamide  gradient.  The  latter  technique 
provides  clearer  resolution  of  peptide  bands  while  the  former  allows  us 
to  calculate  MW  based  on  f'*(^  labeled  standards. 


To  identify  Che  various  peptide  fragments  observed  both  SDS-PAGE 
and  by  gel  filtration  we  have  used  0.3  protein  labeled  with  [  C]  amino 
acids,  ['^B]  isoleucine,  [^H]  arginine,  and  [^^S]  methionine.  The  rational 
is  chat  because  the  amino  acid  sequence  of  0.3  protein  is  known,  particular 
peptides  should  be  observed  when  one  amino  acid  is  labeled  and  not  observed 
when  another  amino  acid  is  labeled.  This  helps  to  identify  the  peptides 
generated  when  0.3  protein  is  cleaved. 

We  have  also  treated  radiolabeled  0.3  protein  with  a  reagent  which 
cleaved  at  tryptophan.  Since  there  is  only  one  tryptophan  residue  in 
0.3  protein,  these  experiments  were  designed  to  determine  whether  cysteine 
was  misincorporated  into  both  halves  of  the  protein.  Unfortunately,  ve 
discovered  chat  Che  reagent  cuts  not  only  at  tryptophan  but  also  at 
at  least  one  ocher  position  in  the  molecule  probably  at  the  triplet,  his- 
tyr-tyr.  Our  results  show  chat  cysteine  is  probably  misincorporated  in 
Che  C-cerminal  1/S  of  Che  molecule  subscitacing  for  tyrosine  and 
concentrated  in  the  middle  section  or  S-terminal  half.  (These  two 
peptides  were  coo  similar  in  size  to  distinguish  between  them.) 

Uc  have  used  two  different  l^Bels  to  identify  cysteine  residues  in 
0.3  proteig  in  vivo  labeling  with  cysteine,  and  in  vitro  labeling 

of  cysteine  by  carboxymechylacion  with  C]  iodoacecic  acid.  With  either 
method  Che  specific  activity  is  low,  which  was  expected  since  our  previous 
work  (3)  has  shown  chat  for  every  molecule  which  contains  one  cysteine 
residue  there  are  fifty  which  contain  none. 


Ue  have  eccunulaccd  much  data  which  suggest  that  cysteine  substitutes 
mainly  for  arginine  in  0.3  protein  but  not  exclusively.  However,  clear  cut 
answers  have  been  hampered  by  technical  problems  caused  by  the  resistance 
of  0.3  protein  to  denaturation,  cross-linl^^ng  of  peptides  during  treatment 
with  CNBr,  the  low  specific  activity  of  [  S]  cysteine-labeled  protein, 
and  problems  in  resolution  of  low  MW  peptides. 

The  0.3  protein  is  very  hard  to  denature;  this  results  in  a  mixture 
of  peptides  due  to  partial  as  well  as  complete  digestion  with  trypsin. 
Preliminary  evidence  suggest  that  blockage  of  lysine  residues  of  0.3 
protein  helps  denature  it.  Following  trypsinizatlon  the  number  of 
partial  digestion  products  is  decreased  (or  even  abolished).  In  addition, 

Che  total  number  of  peptides  expected  is  reduced,  i.e.,  cleavage  is  at 
Che  four  arginine  residues  instead  of  at  the  four  arginine  plus  two  lysine 
residues.  Therefore,  in  future  experiments,  we  plan  to  block  lysine  residues 
in  the  0.3  protein  before  trypsinizatlon. 

Another  problem  we  have  encountered  is  poor  resolution  of  cryptic 
peptides  of  similar  MWs  by  gel  filtration.  We  have  cried  four  different 
gel  types  (Bio-gel  P4  and  P6,  and  Sephadex  G-25  and  C-50)  on  columns  of 
different  sizes.  We  hope  and  expect  chat  reverse  phase  high  performance 
liquid  chromatography  (RP-HPLC)  will  provide  better  resolution  of  0.3 
peptides.  All  materials  have  been  ordered  for  these  experiments  and 
purified  0.3  protein  labeled  with  different  radionuclides  prepared. 

Separation  by  gel  filtration  of  0.3  peptides  resulting  from  CN3r 
treatment  (vs.  trypsinizatlon)  has  provided  clearer  results.  Figure  1 
shows  typical  results  obtained.  0.3  protein  labeled  with  [’’h]  isoleucine 
was  mixed  with  [  cysteine-labeled  0.3  protein  and  the  mixture  cleaved 
with  CNBr.  Peptides  were  analyzed  by  Sephadex  C-23  gel  filtration.  The 
[  ^S]  label  was  found  in  peptides  with  MWs  of  5750,  4070,  2700,  1860,  1580, 
and  ^  1000.  These  MWs  correspond  to  the  following  CUBr  fragments 
(numb’ered  from  the  NH^-cerminus) :  fragment  number  7,  a  probable  partial 
cleavage  product  composed  of  fragments  three  and  four,  fragment  four, 
fragment  five,  fragment  three,  and  fragments  one  and/or  two.  Arginine 
is  found  in  fragments  four  and  seven  only.  Therefore,  these  results 
indicate  chat  cysteine  is  substituting  for  amino  acids  ocher  than  ^^e 
predicted  arginine  substitution,  as  indicated  by  the  presence  of  [  S] 
cysteine  in  fragments  5,  3,  and  2.  (Fragment  1  contains  only  alanine 
and  methionine  -  neither  amino  acid  a  likely  candidate  for  cysteine  substi¬ 
tution.) 

We  have  recently  prepared  cysteine-labeled  0.3  protein  of  relatively 

high  specific  activity  and  sent  a  portion  to  Dr.  Alfin  Vaz  of  the  Protein 
Sequencing  Facility  at  the  University  of  Michigan.  He  will  sequence  the  first 
twenty  to  forty  residues  of  0.3  protein  from  the  H-cenalnus  and  examine  each  rur. 
(amino  acid)  for  radioactivity.  This  should  not  only  confirm  our  finding  of 
cysteine  misincorporation  in  the  amino  terminal  portion  of  the  protein 
(Ch*Br  fragments  two  and  three)  but  will  allow  us  to  pinpoint  the  precise 
amino  acid  substitutions. 

The  complete  separation  of  peptides  we  expect  to  be  afforded  by 
RP-HPLC  should  extend  and  confirm  our  previous  findings  as  to  which  peptides 
contain  [^^S]  cysteine.  After  these  peptides  are  purified,  they  will  then 
also  be  sent  to  Dr.  Vaz  for  aailno  acid  sequencing.  Sequencing  will 
identify  the  peptides  unambiguously  as  well  as  determine  the  exact  amino 


acids  in  the  rcnaindcr  of  cht  0.3  protein  (middle  and  C-tensinal  end)  for 
which  cysteine  substitutes.  An  added  bonus  afforded  by  sequencing  will 
be  determination  of  the  relative  frequency  of  cysteine  substitution  for 
the  various  amino  acids  and  their  corresponding  codons.  This  knowledge 
should  contribute  significantly  to  the  understanding  of  ^  vivo  mistran*;- 
lation. 


2.  Progress  in  ereoaration  of  monoclonal  antibody  to  0.3  protein 

At  this  point  we  do  have  a  hybridoma  which  is  producing  0.3  antibody. 

We  are  currently  attempting  to  grow  enough  cells  to  freeze.  (This  hybridoma 
is  a  slow  grower  which  is  often  the  case  when  the  hybridoma  is  producing 
a  lot  of  antibody).  Once  we  have  enough  cells  to  insure  a  frozen  stock, 
we  will  produce  our  monoclonal  antibody  in  mice  by  growing  the  hybridoma 
as  an  ascites  tumor,  as  well  as  in  tissue  culture.  At  that  point  we  will 
be  in  a  position  to  work  out  the  parameters  of  the  radloimmune  precipitation 
assay  with  which  we  hope  to  detect  0.3  protein  and  0.3  protein  only. 

3.  Experiments  to  determine  whether  the  T7  0.3  gene  cloned  into 
the  B.  subtilis  SPPl  phage  and  into  the  E.  coli  plasmid 
PAR324  is  being  expressed. 

The  usefulness  of  our  model  to  measure  levels  of  ^  vivo  mistranslation 
by  quantitation  of  cysteine  mlsincorporation  into  Che  0.3  protein  in  T7 
infected  coli  can  be  extended.  We  have  cloned  the  0.3  gene  (in  both 
orientations  into  the  B.  subtilis  phage  SPEl^  (1)  and  it  has  also  been  cloned 
in  the  E.  coli  plasmid  pBR32i,  producing  plasmid  PAR324(2).  We  can,  therefore, 
attempt  to  determine  whether  the  mistranslation  level  which  occurs  during 
0.3  gene  expression  is  a  constant  or  whether  its  position  in  the  DNA  and/or 
the  cellular  protein  sythesizing  machinery  affect  error  levels.  Before 
attempting  to  answer  these  questions  we  first  had  to  determine  whether 
the  0.3  gene  was  being  expressed  in  its  new  locations. 

We  used  the  radioimmune  precipitation-polyacrylamide  gel  electro¬ 
phoresis  assay  (RIP-PAGE)  for  0.3  protein  to  determine  whether  the  0.3 
gene  in  SPPl^  phage  was  being  expressed  in  SPPI  tO. 3-inf ected  cells  of 
subtilis.  These  experiments  showed  chat  if  it  were  being  expressed 
at  all,  Che  amounts  synthesized  were  coo  small  to  be  detected.  Next, 
we  used  an  enzyme-linked  immunospecific  assay  (ELISA)  for  0.3  protein 
which  is  more  sensitive  Chat  RIP-PAGE.  As  with  Che  RIP-PAGE  assay 
we  tested  both  phages  containing  Che  0.3  gene  cloned  in  opposite  orientations. 
Our  results  suggested  chat  the  infection  of  ^  subtilis  with  SPPl  phage 
containing  Che  0.3  gene  oriented  correctly  so  chat  it  could  be  transcribed 
from  a  known  sPPl  promocor  results  in  synthesis  of  0.3  protein  whereas  the 
phage  containing  the  0.3  gene  in  the  opposite  orientation  does  not  direct 
0.3  protein  synthesis.  We  must  still  resolve  the  problem  of  low  levels 
of  0.3  gene  expression  -  a  problem  which  makes  purification  of  0.3 
protein  and  therefore  quantitation  of  mistranslation  difficult. 

To  determine  whether  the  0.3  gene  cloned  in  an  E.  coli  plasmid  (pAR324) 
was  being  expressed  in  coli  we  used  both  Che  ELISA  assay  and  expression 
in  minicells.  The  use  of  minicells  eliminates  the  problem  of  synthesis  of 


cellular  proteins;  only  those  proteins  encoded  by  the  plasmid  are  synthesized 
Therefore.  RIP  was  unnecessary  in  this  case.  Minlcells  were  obtained  from 
E.  coli  strains,  containing  cither  pAR324  (which  contains  the  0.3  gene)  or 
Che  parent  plasmid  pBR322  (which  contains  all  che^genes  of  pAR  except  0.3) 
and  were  allowed  to  incubate  in  media  containing  methionine.  The 
ainlcells  were  lysed  and  the  plasmid-encoded  proteins  analyzed  by  SDS-PAGE. 
Figure  2  shows  chat  plasmid  pAR324  does,  indeed,  direct  Che  synthsis  of  the 
0.3  gene  product  while  the  parent  plasmid  pBR322  does  not. 

Once  we  had  determined  chat  plasmid  pAR324  does  express  Che  0.3  gene, 
we  Cranformed  it  into  Che  Z.  coll  strains  we  had  previously  used  to  deter¬ 
mine  0.3  protein  mistranslation  levels  via  T7  infection,  l.e.,E.  coli  B. 
iQ.266  and  DS410.  (3).  This  provides  Identical  cellular  enviroiments  so  chat 
Che  position  of  Che  0.3  gene  in  a  ONA  molecule  can  be  evaluated  in  regard 
to  its  effect  on  mistranslation.  Results  can  be  directly  compared  with 
our  established  observations.  An  ELISA  assay  was  used  to  determine  chat 
Che  three  transformed  strains  do  indeed  produce  the  0.3  protein.  Next, 
we  attempted  to  determine  the  error  level  in  0.3  protein  synthesized  in 
E.  coli  B  cells  containing  pAR324.  We  used  an  experimental  protocol 
nearly  identical  to  that  used  to  measure  cysteine  misincorporacion  into 
0.3  protein  synthesized  in  T7  infected  E.  coli  B  cells.  We  have  encountered 
an  unexpected  problem.  In  contrast  to  the  situation  in  T7-infecced  ^  coli 
where,  following  anion  exchange  chromatography,  0.3  protein  is  the  only 
ethanol-soluble  protein,  in  extracts  from  coli  B  pAR324  cells  there  is 
a  second  ethanol  soluble  protein  which  is  unfortunately,  produced  in 
greater  quantity  chan  0.3  protein.  We  are  currently  working  on  methods 
CO  circumvent  this  problem  allowing  the  complete  purification  of  0.3 
protein  from  cells  containing  pAR324. 
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Details  of  experiments  completed  between  2/1/84  and  8/31/84. 

Our  stated  objectives  for  the  period  2/1/83  to  7/31/84  (Progress 

Report,  Fall,  1983)  were: 

1)  Production  of  monoclonal  antibody  to  the  0.3  gene  product  and 
use  of  this  antibody  in  development  of  a  radlolromune 
precipitation  assay. 

2)  Direct  determination  of  whether  cysteine  substitutes  only  for 
arginine  in  mistranslation  during  synthesis  of  0.3  protein. 

Purification  of  monoclonal  antibody  to  0.3  protein  from  culture  media 

and  from  ascites. 


As  reported  in  our  last  progress  report,  we  have  obtained  a 
monoclonal  antibody  to  the  0.3  protein.  This  antibody  was  obtained 
primarily  to  use  in  a  simple,  quantitative  radioimmune  precipitation 
assay  (RIP)  for  0.3  protein.  The  monoclonal  antibody  was  to 
eliminate  the  need  for  SDS-PAGE  and  densitometry.  The  latter  2  steps 
were  necessary  in  addition  to  RIP  using  polyclonal  antibody  because 
0.3  protein  was  not  the  only  protein  precipitated.  Monoclonal 
antibody  produced  in  cell  culture  is  too  dilute  to  use  in  a  RIP 
assay.  We,  therefore,  attempted  to  purify  and  concentrate  it  with 
Protein  A  Sepharose  affinity  chromatography  using  standard  procedures 
(4).  Antibody  titers  before  and  after  spent  media  were  run  through 
the  column  were  obtained  by  ELISA.  In  addition,  the  amount  of 
immunoglobulin  retained  by  the  column  was  calculated  from  the 
absorbance  at  280  nm  and  estimated  from  SDS-PAGE  (Fig.  3a)-  We  found 
that  approximately  90Z  of  the  monoclonal  antibody  was  not  retained  by 
the  column.  Therefore,  Protein  A  Sepharose  chromatography  was  not 
regarded  as  a  suitable  technique  for  purification  of  0.3  monoclonal 
antibody  from  culture  media. 

Next,  we  tried  a  technique  involving  growing  the  hybrldoma  In 
serum-free  medium  (5).  This  eliminates  the  necessity  of  removing 
albumin  from  the  media  and  Involves  only  concentration  of  proteins 
(mainly  Immunoglobulin)  to  obtain  the  monoclonal  antibody  In  usable 
form.  Unfortunately,  our  hybrldoma  is  one  which  apparently  cannot 
survive  without  fetal  calf  serum  In  the  medium. 

Two  additional  techniques  to  purify  0.3  monoclonal  antibody  from 
cell  culture  media  were  also  tried:  DEAE  cellulose  chromatography 
and  ammonium  sulfate  precipitation.  DEAE  chromatography  didn't  work 
because  the  column  became  overloaded  by  albumin  In  the  media. 

Results  of  ammonium  sulfate  preclpltqtion  are  shown  In  figure  3B.  It 
Is  clear  that  the  major  portion  of  Immunoglobulin  was  not 
precipitated  by  ammonium  sulfate.  As  with  Protein  A  Sepharose 
chromatography  we  obtained  some  purification  of  the  monoclonal 
antibody  but  at  the  cost  of  at  least  90Z  antibody  loss. 


Legend  to  Figure  3 

SDS-polyacryamide  gels  stained  for  protein  with  the  silver  nitrate  technique. 
A:  Comparison  of  proteins  In  hybrldoma  culture  medium  and  ascites  before  and 
after  Protein  A  Sepharose  chromatography  and  comparison  with  proteins  eluted 
from  the  column.  1  ~  Medium  before  chromatography;  2  ■  Medium  after 
chromatography;  3  *  1  ul  untreated  ascites;  A  -  5  pi  octanolc  acid  -  purified 
ascites  before  chromatography;  5  «  S  ul  octanolc  acld-purif led  ascites  after 
chromatography;  6  ■  Pool  A  of  ascites  proteins  retained  by  column;  7  >  Pool  B 
of  ascites  proteins  retained  by  column;  8  *  Pool  B  of  medium  proteins  retained 
by  column. 

B:  Purification  of  monoclonal  antibody  from  hybrldoma  culture  medium  by 

ammonium  sulfate  precipitation.  1  ■  Medium  before  precipitation;  2  *  Super¬ 
natant  of  1st  precipitation  with  ammonium  sulfate;  3  ■  supernatant  of  second 
precipitation  with  ammonium  sulfate;  4  >  Proteins  in  second  ammonium  sulfate 
precipitate;  5  «  Monoclonal  antibody  from  ascites  purified  by  Protein  A 
Sepharose  chromatography  (used  for  H  and  L  chain  markers). 


We  also  grew  Che  hybrldoma  as  an  ascites  tumor  in  mice  and 
attempted  to  purify  the  antibody  by  Protein  A  Sepharose 
Chromatography.  Partial  purification  was  first  achieved  by  the 
octanolc  acid  technique.  Results  are  shown  In  Fig.  3A.  It  Is  clear 
that,  as  with  antibody  In  culture  media,  the  major  portion  of  Immuno¬ 
globulin  was  not  retained  by  the  column.  Next,  we  tried  purification 
of  antibody  from  ascites  by  DEAE  cellulose  chromatography.  We  found 
that  virtually  all  the  proteins  In  the  octanolc  acld-treaCed  ascites 
were  retained  by  the  column  and  thus  this  method  was  no  Improvement 
over  octanolc  acid  treatment  alone. 

Use  of  monoclonal  antibody  to  0.3  protein  In  radlolmmune 
precipitation  experiments. 

Unpurlfled  monoclonal  antibody  In  spent  media  and  untreated 
ascites  were  compared  with  rabbit  antiserum  In  our  standard  RIP-PAGE 
assay  for  0.3  protein.  Results  are  shotm  In  Figure  4.  Lanes  A  and  C 
contain  proteins  precipitated  by  rabbit  antibody  from  uninfected 
(lane  A)  and  T7-lnf acted  £.  coll  (lane  B).  Only  trace  amounts  of 
extraneous  proteins  (proteins  other  than  0.3)  are  precipitated.  Lane 
D  shows  the  proteins  precipitated  by  monoclonal  antibody  In  spent 
media.  No  proteins  are  visible  indicating  Insufficient  antibody  is 
contained  in  100  ul  to  precipitate  0.3  protein  by  this  technique. 
Lanes  B,  E  and  F  contain  proteins  precipitated  by  antibody  In 
untreated  ascites.  It  Is  clear  that  0.3  protein  is  precipitated  by 
monoclonal  antibody  In  untreated  ascites,  and  more  by  SO  ul  (lane  F) 
than  by  10  ul  (lane  E),  but  the  number  of  extraneous  proteins 
precipitated  is  larger  than  found  with  rabbit  antiserum.  Whether 
these  proteins  are  precipitated  by  antibody  In  ascites  or  are 
nonspecif Ically  adsorbed  to  Protein  A  is  unknown.  However,  we  can 
say  that  rabbit  antiserum  contains  more  antibody  to  0.3  protein  than 
does  untreated  ascites  and.  In  addition,  fewer  extraneou/  proteins 
are  precipitated  by  rabbit  antiserum. 


Next  we  compared  monoclonal  antibody  purified  from  spent  media 
and  from  ascites  by  Protein  A-Sepharose  chromatography  with  rabbit 
antiserum  In  RIP-PAGE.  Results  are  shown  In  Figure  5.  Lane  A  shows 
proteins  which  are  adsorbed  nonspecif ically  by  Protein  A.  BSA 
prevents  this  adsorption  only  slightly  (lane  B).  Lanes  C,  D  and  E 
show  proteins  precipitated  by  decreasing  amounts  of  rabbit  antiserum. 
Clearly,  the  more  antiserum  added  the  more  0.3  protein  precipitated 
and  the  less  extraneous  protein  precipitated.  Lanes  F,  G  and  H  show 
proteins  precipitated  by  monoclonal  antibody  purified  from  spent 
media.  SO  ul  of  Pool  B  from  the  column  eluate  precipitates  a  barely 
visible  amount  of  0.3  protein  but  there  are  several  extraneous 
proteins  present  (lane  G).  In  lane  H,  there  Is  not  enough  antibody 
present  to  prevent  non-specific  adsorption  of  proteins  to  Protein  A. 
Lanes  I,  J  and  K  show  proteins  precipitated  by  Pools  A  and  B  of 
monoclonal  antibody  purified  from  ascites.  Only  Pool  B  (lanes  J  and 
K)  has  sufficient  antibody  to  precipitate  0.3  protein.  However,  2  or 
3  minor  contaminating  proteins  are  also  present.  From  this 
experiment  we  concluded  that  10  ul  of  rabbit  antiserum  was  more 
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Autoradiogram  of  [^^S]  methionine-labeled  proteins  In  radlolmmune 
precipitation  -  polyacrylamide  gel  electrophoresis  (RIP-PAGE)  experiment. 
Comparison  of  rabbit  antiserum  and  unpurifled  monoclonal  antibody  In 
precipitation  of  0.3  protein.  £.  coll  cells  were  left  uninfected  or  were 
Infected  with  T7  phage  and  [^^S]  methl.onlne  was  added.  Cells  were  lysed  after 
1  hour,  and  either  rabbit  antiserum,  hybrldoma  culture  medium  or  hybrldoma  - 
Induced  ascites  was  added.  Following  Incubation,  Protein  A  Sepharose  was 
added  to  precipitate  Immune  complexes.  The  beads  were  washed  5  times  and 
eluted  proteins  examined  by  SDS-PAGE. 

A  ■  uninfected  cells  and  10  ul  rabbit  antiserum;  B  ■  uninfected  cells  +  10  yl 
ascites;  C  *  infected  cells  +  10  ul  rabbit  antiserum;  D  «  infected  cells  + 

100  ul  hybrldoma  culture  medium;  E  ■  infected  cells  +  10  ul  ascites;  F  » 
Infected  cells  +  50  ul  ascites. 


efficient  at  precipitating  0.3  protein  than  SO  pi  of  purified 
monoclohal  antibody  and  the  amount  of  background  (extraneous  proteins 
precipitated  by  antibody  or  Protein  A)  was  comparable. 

We  attempted  to  reduce  the  background  of  contaminating  proteins 
to  negligible  levels  by  substituting  rabbit  immunobeads  (Immunobeads 
containing  a-rabblt  IgG  antibody)  or  mouse  Immunobeads  for  Protein 
A  Sepharose.  Results  of  the  experiment  utilizing  rabbit  immunobeads 
are  shown  in  Figure  6.  In  lanes  A-E  Increasing  amounts  of  Immuno¬ 
beads  were  added  and  Increasing  amounts  of  0.3  protein  plus  extraneous 
proteins  were  precipitated.  The  background  was  significantly  higher 
with  immunobeads  than  with  Protein  A  Sepharose  (lane  G).  This  Is 
also  seen  by  comparing  proteins  non-*speclf Ically  adsorbed  by 
Immunobeads  (lane  F)  with  those  adsorbed  by  Protein  A  (lane  H). 

Our  overall  conclusion  from  these  (and  other)  experiments  is 
that  rabbit  antiserum  Is  superior  to  monoclonal  antibody  in  the  RIP 
assay.  Only  1  or  2  trace  contaminating  proteins  are  seen  when  rabbit 
antiserum  plus  Protein  A  Sepharose  are  used,  but  these  appear  to  be 
due  to  precipitation  by  antibody  rather  than  nonspecific  adsorption 
by  Protein  A  (Figure  S,  lane  C).  It  Is  unfortunate  that  we  have  been 
unable  to  adequately  concentrate  monoclonal  antibody  from  cell 
culture.  The  background  proteins  seen  In  RIP-PAGE  are  undoubtedly 
caused  only  by  nonspecific  adsorption  by  Protein  A.  However, 
background  proteins  seen  with  monoclonal  antibody  from  ascites  are 
probably  the  result  of  precipitation  by  antibodies  to'£.  coll  In 
ascites.  Even  If  we  were  successful  In  eliminating  all  background 
proteins  when  using  monoclonal  antibody  in  RIP  the  quantity  of  0.3 
protein  precipitated  is  only  a  fraction  of  that  precipitated  by 
rabbit  polyclonal  antibody.  This  is  not  an  uncommon  finding. 
Monoclonal  antibodies  generally  would  not  be  expected  to  precipitate 
as  much  antigen  as  avid  polyclonal  antibody. 


Progress  in  experiments  to  quantitate  cysteine  mlsincorporation  in 
0.3  protein  encoded  in  the  plasmid  pAR32A. 


We  have  proposed  to  determine  whether  the  mistranslation  level 
as  determined  by  cysteine  mlsincorporation  into  0.3  protein 
synthesized  in  T7-infected  coll  cells  (A  x  10“^)  is  a  constant 
value  or  whether  it  can  be  altered  by  a  change  in  the  cellular 
environment,  i.e.,  when  the  protein  is  encoded  in  a  plasmid  gene 
(plasmid  pAR324)  or  in  a  subtllis  phage  gene  (SPPlv”0.3).  These 
experiments  are  important  for  genetic  engineering  as  it  is  possible, 
and  even  expected,  that  expression  of  a  gene  in  a  foreign  cellular 
environment,  which  has  a  different  set  of  preferred  codons  and  tRNA 
abundances,  could  lead  to  increased  misreading. 


We  previously  showed  that  the  0.3  gene  is  expressed  in  cells 
containing  the  plasmid  pAR324  and  in  subtllis  cells  infected  with 
phage  SPPIv‘~0.3.  However,  expression  was  at  a  much  lower  level  than 
In  T7-lnfected  coll  cells  and  this  precluded  0.3  purification 
by  our  standard  procedure.  Consequently,  we  have  been  working  on  a 
means  to  quantitate  the  0.3  protein  other  than  purification.  We 


Legend  to  Figure  5 

Comparison  of  rabble  antiserum  and  purified  monoclonal  antibody  in  RIP-PAGE. 
A  ■  30  ul  Protein  A  Sepharose  only;  B  *  Protein  A  Sepharose  +  10  yl  of  20  mg 
BSA/ml;  C  ~  10  ul  rabbit  antiserum  >  Protein  A  Sepharose;  D  *  1  ul  rabbit 
antiserum  *  Protein  A  Sepharose;  E  *  0.3  ul  rabbit  antiserum  Protein  A 
Sepharose;  F  ~  100  ul  Pool  A  proteins  (from  medium)  eluted  from  Protein  A 
Sepharose  column  +  Protein  A  Sepharose;  G  «  50  ul  Pool  B  proteins  (from 
medium)  eluted  from  Protein  A  Sepharose  column  +  Protein  A  Sepharose;  H  »  10 
ul  Pool  B  proteins  (from  medium)  eluted  from  Protein  A  Sepharose  column 
Protein  A  Sepharose;  I  ~  100  ul  Pool  A  proteins  (from  ascites)  eluted  from 
Protein  A  Sepharose  column  +  Protein  A  Sepharose;  J  ■  50  ul  Pool  B  proteins 
(from  ascites)  eluted  from  Protein  A  Sepharose  column  +  Protein  A  Sepharose; 


K  *  same  as  J  plus  BSA. 


Comparison  of  antl-rabblt  Ig-lmmunobeads  and  Protein  A  Sepharose  In  RIP-PAGE 
A  ■  5  ul  rabbit  antiserum  +  12  pi  Immunobeads; 

B  ■  5  Wl  rabbit  antiserum  +  25  pi  immunobeads; 

C  ■  5  Pl  rabbit  antiserum  +  50  pi  immunobeads; 

D  ■  5  pi  rabbit  antiserum  +  100  pl  Immunobeads; 

E  -  5  pl  rabbit  antiserum  +  200  pl  Immunobeads; 

F  ■  50  Pl  Immunobeads  only;  G  -  5  pl  rabbit  antiserum  +  25  pl  Protein  A 
Sepharose; 

H  ■  25  pl  Protein  A  Sepharose  only. 


plan  to  precipitate  the  double-labeled  (^H-leu  and  ^^S-cys)  0.3 
protein  uslnf;  rabbit  antiserum,  cut  It  out  of  a  gel  stained  for 
protein,  solubilize  the  gel  and  count  radioactivity.  Preliminary 
experiments  will  establish  radioactivity  to  be  equal  to  a  certain 
amount  of  0.3  protein  and  the  CPM  will  allow  us  to  quantitate 
cysteine  In  that  amount  of  protein.  We  are  directing  our  initial 
efforts  at  experiments  in  coll  BpAR324  because  there  is  more  0.3 
protein  produced  In  this  strain  than  In  SPPi v~0.3-infected 
subtllis  cells  (unpublished  data). 

Figure  7  (lanes  E  and  F)  shows  the  proteins  precipitated  from 
[35s]_net-labeled  E^.  coll  BpAR324  by  normal  rabbit  serum  and  by  rabbit 
antiserum  489,  respectively.  0.3  protein  can  clearly  be  seen  In  lane 
F,  although  as  a  faint  band  compared  to  the  0.3  protein  precipitated 
by  antiserum  489  from  T7-infected  coll  cells  (lanes  B,  C,  0).  The 
new  rabbit  antiserum,  as  compared  to  that  used  in  experiments  shown 
In  Figures  4-6,  has  much  more  antibody  to  £.  coll  proteins.  However, 
this  Is  of  no  Importance  in  the  present  experiments  because  no  other 
precipitated  protein  has  a  M.W.  similar  to  0.3  protein  and  we  plan  to 
cut  the  protein  out  of  the  gel  before  quantitation.  Should  this 
technique  prove  successful  with  coll  BpAR324,  we  will  also 
quantitate  mistranslation  In  the  other  coll  strains  we  have  ■ 
transfected  with  this  plasmid  (DS410  and  KL266).  Results  can  then  be 
compared  to  the  0.3  protein  mistranslation  level  already  determined 
In  the  T7-lnfected  parent  strains.  Should  the  amount  of  0.3  protein 
synthesized  in  SPPl”0.3-lnfected  B_.  subtills  cells  be  Insufficient 
for  even  this  technique,  we  plan  to  increase  0.3  expression  by 
cloning  the  gene  Into  a  subtills  plasmid  which  has  a  strong 
promoter. 


4 .  Experiments  directed  toward  determination  of  the  molecular  basis  of 
mistranslation. 


One  of  the  major  advantages  In  utilization  of  the  T7  0.3  protein 
to  study  mistranslation  Is  that  the  complete  nucleotide  sequence  of 
the  gene  has  been  determined  (6).  Thus,  It  should  only  be  necessary 
to  determine  the  specific  sites  of  mislncorporatlon  of  a  particular 
amino  acid  (as  cysteine)  to  deduce  Important  patterns  of  misreading.  It 
would  be  even  more  advantageous  if  relative  (or  absolute)  frequencies 
of  amino  acid  mislncorporatlon  at  particular  positions  could  be 
determined.  This  would  provide  Information  as  to  the  hierarchy  of 
misreading  patterns  which  do  occur.  In  particular,  it  would  provide 
valuable  Information  pertinent  to  the  current  debate  of  whether  codon 
or  context  exerts  more  Influence  on  misreading  frequency  (7,  8,  9, 

10).  Thus,  with  our  mistranslation  model  utilizing  0.3  protein  we 
have  an  opportunity  to  generate  the  kind  of  data  which  are  sorely 
needed  as  a  prerequisite  to  understanding  the  mechanisms  of 
mistranslation  (7). 


Our  initial  approach  to  determining  the  sites  of  cysteine 
mislncorporatlon  Into  the  116  amino  acid  0.3  protein  has  been  to 
treat  [^^s]  cysteine-labeled  0.3  protein  with  reagents  which  cleave 


Detection  of  0.3  protein  synthesized  In  coll  BpAR324  by  RIP-PAGE;  30  yl 
Protein  A  Sepharose  was  added  to  precipitate  Immune  complexes. 

A  *  Proteins  precipitated  by  normal  rabbit  serum  (492)  from  lysate  of 
T7-lnfected  coll  B; 

B  ■  Proteins  precipitated  by  rabbit  antiserum  489  pi  1-84  from  lysate  of  T7 
Infected  coll  B; 

C  *  Proteins  precipitated  by  rabbit  antiserum  489  pi  2-84  from  lysate  of 
T7-infected  coll  B; 

D  »  Proteins  precipitated  by  rabbit  antiserum  489  pi  3-84  from  lysate  of 
T7-lnfected  coll  B; 

E  ■  Proteins  precipitated  by  normal  rabbit  serum  (492)  from  lysate  of  E.  co 
BpAR324; 

F  ■  Proteins  precipitated  by  rabbit  antiserum  489  pi  1-84  from  lysate  of 
coll  BpAR324. 


proteins  at  only  a  few  sites*  Resultini;  peptides  are  then  examined 
for  radioactivity.  The  use  of  trypsin  to  digest  0.3  protein  has  an 
advantage  over  use  of  other  reagents  in  that  simple  examination  of 
the  molecular  weights  of  the  peptides  can  distinguish  between 
cysteine  substitutions  for  arginine  and  for  other  amino  acids. 

Figure  8  shows  that  only  3  major  peptides  are  expected  by  tryptic 
digestion  of  0.3  protein.  However,  2  of  these  occur  by  cleavage  at 
lysyl  residues  and  it  is  known  that  trypsin  cleaves  somewhat  slower 
at  lysyl  than  at  arglnyl  residues  (11).  In  addition,  the  cleavage 
rate  is  slowed  even  more  if  lysine  is  adjacent  to  an  acidic  amino 
acid  (11)  -which  is  the  case  with  both  lysyl  residues  in  0.3  protein. 
Thus,  we  can  normally  expect  an  additional  2  peptides  -one  of  2800 
daltons  and  one  of  5700  daltons  -for  a  total  of  S  peptides  visible  by 
SDS-PAGE . 

Samples  of  0.3  protein  synthesized  with  different  radiolabels 
were  used  to  help  identify  the  peptides  on  SDS  gels  after 
autoradiography.  As  shown  in  Figure  8,  when  peptides  generated  by 
tryptic  digestion  of  [^^S]  met-labeled  0.3  protein  are  examined,  all 
of  the  5  peptides  should  be  visible  except  the  C-termlnal  4000  dalton 
one  (actual  results  shown  in  Figure  9).  Likewise,  tryptic  digestion 
of  [^H]  ile-labeled  0.3  protein  should  produce  visible  peptides  of 
all  but  the  N-termlnal  2300  dalton  one.  (The  2800  dalton  partial 
cleavage  peptide  should  be  visible,  however  (Figure  8). 

To  aid  in  identification  of  peptides  which  contained  a  cysteine 
for  arginine  substitution,  we  used  arginine-labeled  0.3  protein. 
Digestion  with  trypsin  should  result  in  a  selected  group  of  peptides 
visible  by  autoradiography.  These  are  the  2800  dalton  partial 
cleavage  N-termlnal  peptide,  a  5900  dalton  partial  cleavage  product 
containing  peptides  3  and  4,  the  5700  dalton  peptide,  and  a  4600 
dalton  partial  cleavage  product  containing  peptides  6  and  7.  The 
peptides  which  should  not  be  visible  are  the  2300,  5200  and  4000 
dalton  major  peptides. 

Results  of  tryptic  digestion  of  0.3  protein  samples  containing 
different  radiolabels  followed  by  SDS-PAGE  and  autoradiography  are 
shown  in  Figure  10.  The  [^H]  ile-labeled  sample  contains  the  same 
visible  peptides  as  the  [^^C]  aminoacid-labeled  sample  except  that 
the  2300  dalton  peptide  is  missing  in  the  former,  as  expected.  In 
contrast,  the  [^H]  arg-labeled  sample  has  a  quite  different  set  of 
visible  peptides:  2  major  high  M.W.  peptides  of  approximately  5900 
and  6400  daltons,  another  peptide  at  approximately  4000  daltons, 

(this  is  the  4600  dalton  partial  cleavage  peptide  -peptides  between 
3000  and  5000  daltons  are  difficult  to  resolve  in  this  gel  system)  and 
another  faint  peptide  at  2800  daltons.  These  peptides  include  all 
the  arginine-containing  peptides  expected  plus  a  larger  peptide,  (- 
6400  daltons)  which  is  probably  a  partial  cleavage  product  containing 
at  least  2  arginine  residues. 

Results  of  a  typical  experiment  in  which  trypsinized,  [^^S] 
cys-labeled  0.3  protein  is  compared  with  trypsinized  samples  of  0.3 
protein  containing  other  radiolabels  is  shown  in  Figure  11.  The  3 
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lanes  on  Che  left  half  of  Che  gel  (side  A)  show  peptides  from  0.3 
protein  which  had  been  succlnylaced  Co  block  lysyl  residues.  Thus, 
Che  2300  dalcon  peptide  generated  by  cleavage  at  lysine  has 
disappeared.  Increasing  Che  prominence  of  the  2800  dalcon  peptide. 

The  5700  dalCon  peptide  expected  when  lysyl  residues  are  blocked  Is 
also  more  prominent  compared  to  the  5700  dalCon  peptide  seen  In 
unsucclnylated  samples  on  the  right  half  of  the  gel  (side  B). 

On  side  A  In  Figure  11  It  can  be  seen  Chat  the  peptide  pattern 
of  all  3  radiolabeled  samples  of  0.3  protein,  are  similar.  The 
differences  are  Chat  the  [^^S]  cysteine-labeled  sample  has  an 
additional  (but  faint)  high  M.W.  peptide  (about  6400  daltons),  and 
Che  [^^S]  methlonlne-labeled  sample  has  no  4000  dalCon  peptide.  All 
3  samples  contain  visible  5700,  5200  and  2800  dalcon  peptides.  Thus, 
It  Is  clear  that  cysteine  has  been  mlslncorporated  Into  all  Che  major 
Cryptic  peptides. 


On  side  B  In  Figure  11  there  are  more  peptides  in  each  sample 
Chan  on  side  A.  This  Is  because  lysyl  residues  are  not  blocked  in 
samples  on  side  B  and  because  succlnylatlon  aids  digestion  by 
trypsin.  There  are  at  least  7  [^^S]  cys-labeled  peptides  arn^  these 
appear  to  be  the  same  as  those  In  the  t ]-labeled  peptides  with  2 
or  3  exceptions.  The  2  largest  I^^S)  cys-labeled  peptides  are  in  the 
same  positions  as  the  2  largest  (^H]  arg-labeled  peptides  seen  in 
Figure  10  (approximately  5900  and  6400  daltons).  (These  peptides  are 
larger  chan  Che  2  highest  M.W.  (^^C]-labeled  partial-cleavage 
peptides.)  The  remaining  cys-labeled  peptides  have  the 

following  approximate  M.W.s:  5200,  4600  or  4000  (or  both),  3500 
(perhaps),  2800  and  2300  daltons.  We  conclude  from  the 


c rypslnlzatlon  experiments  Chat  cysteine  substitutes  for  arginine  In 
at  least  one  position  (probably  position  79)  and  perhaps  more.  (A 
cysteine  for  arginine  substitution  at  position  84  would  generate  a 
4600  dalton  peptide.)  However,  the  major  sites  of  cysteine 
subsCiCuCion  as  shown  by  the  [^^S]  cysteine  label  In  peptides  of 
5200,  and  2300  daltons  (Figure  IIA  and  B)  are  elsewhere.  Assuming  a 
mistake  at  one  nucleotide  base  pair,  cysteine  could  substitute  for 
serine,  glycine,  tyrosine  or  phenylalanine  In  the  5200  dalcon 
peptide,  for  serine,  tyrosine,  or  phenylalanine  in  the  2300  dalton 
peptide,  and  for  tryptophan  or  tyrosine  In  the  4000  dalton  peptide. 


One  of  Che  other  reagents  we  used  to  cleave  0.3  protein  was 
2-nltro-5-thlocyanobenzolc  acid.  This  reagent  Is  specific  for 
cysteine  residues  (11).  Two  experiments  were  performed.  In  one  we 
used  [^^C]-amlno  acid  labeled  0.3  protein  and  separation  of  peptides 
by  gel  filtration,  and  in  Che  other  we  used  [^^S]  methlonlne-labeled 
0.3  protein  and  separation  of  peptides  by  SDS-PAGE.  Similar  results 
were  obtained  from  both  experiments.  Results  of  SDS-PAGE  and 
auto-radlography  are  shown  In  Figure  12.  We  expected  to  see  a  whole 
series  of  peptides  because  It  was  clear  from  the  trypsinlzation  and 
CNBr  experiments  Chat  cysteine  is  mlslncorporated  at  several 
positions.  We  were,  therefore,  very  surprised  to  find  only  2  major 
peptides.  Furthermore,  the  sum  of  the  M.W.'s  (5700  and  4600)  Is 


approximately  that  of  the  native  0.3  protein,  suggesting  a  cleavage 
at  one  position  only.  Ue  deduced  that  cleavage  occurred  at  one  of  2 
approximate  positions:  position  49  from  the  N-termlnus  or  position 
67  from  the  C-termlnus.  Position  49  Is  a  tyrosine  (see  Figure  13) 
whereas  position  67  Is  aspartate.  These  results  are  Important 
because  they  suggest  that  there  Is  a  particular  position  In  0.3 
protein  where  cysteine  Is  ml slncorporated  much  more  frequently  than 
at  any  other  position. 

Very  recently,  we  received  some  very  Interesting  data  from  a 
collaborator.  Dr.  Edwin  Beachey  of  the  Veterans  Administration 
Medical  Center  In  Memphis.  Ue  had  sent  him  several  samples  of  [^^S] 
cysteine-labeled  0.3  protein  for  sequencing  to  determine  the  precise 
locations  of  cysteine  mlslncorporatlon.  They  were  able  to  sequence 
and  count  radioactivity  In  amino  acids  through  oosltlon  42  (Figure 
13).  They  found  that  the  amino  acid  positions  In  0.3  protein  with 
the  highest  radioactivity  were  positions  9,  IS  and  41,  especially 
position  IS  which  had  at  least  3  times  more  counts  chan  the  other  2 
positions.  These  results  are  very  surprising  and  most  Interesting 
for  several  reasons:  1)  Mis-lncorporatlon  of  cysteine  at  both 
position  9  (asn)  and  41  (ala)  requires  mistakes  at  2  base  pairs, 
which  has  been  shown  to  be  an  unlikely  occurrence  ^  vitro.  However, 
both  these  amino  acids  are  the  second  of  2  identical  amino  acids  in  a 
row.  This  may  be  very  significant.  2)  Cysteine  apparently  did  not 
substitute  for  arginine  at  positions  23  and  28.  3)  Cysteine  did  not 

substitute  for  tyrosine  at  positions  7  and  24  but  did  so  at  a  high 
level  in  position  IS.  Because  the  codon  at  position  7  is  the  same  as 
at  position  15,  this  suggests  Chat  context  effects  are  very  important 
in  misreading.  4)  The  experiments  with  the  reagent  which  cleaves  at 
cysteine  suggested  that  a  hoc  spot  for  cysteine  mlslncorporatlon 
might  be  position  49.  This  Is  tyr  (UAC)  preceded  by  another  tyr  with 
Che  Identical  codon.  If  the  presence  of  2  Identical,  or  nearly 
Identical,  codons  In  a  row  predisposes  to  misreading  of  the  second 
one,  position  49  may  well  be  Che  most  likely  site  for  Che  greatest 
frequency  of  cysteine  mlslncorporatlon  In  0.3  protein.  It  is  Che 
only  site  where  there  are  2  codons  which  differ  from  cysteine  codons 
by  only  one  base.  We  are  presently  attempting  to  purify  by  HPLC  0.3 
peptides  generated  by  CNBr  or  trypsin  cleavage.  Once  we  have  these 
techniques  perfected  we  will  send  {^^S]  cys-labeled  peptides  to  Dr. 
Beachey  for  sequencing  and  determination  of  cysteine  mlslncorporatlon 
sites  in  Che  remainder  of  Che  protein.  This  data  will  be  of  utmost 
value  In  determination  of  Che  mechanisms  of  mistranslation  and  Che 
relative  Importance  of  codon  versus  context  effects. 
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A.  Abstract 


We  have  made  significant  progress  toward  determination  of  the  molecular 
basis  of  mistranslation.  Novel  Ideas  concerning  the  "rules"  of  mistranslation 
are  being  generated  from  our  present  experiments.  By  sequencing  the 
amino-terminal  1/3  of  0.3  protein  we  found  the  specific  sites  of  cysteine 
misincorporatlon  to  be  at  positions  9  (asparagine),  15  (tyrosine)  and  41 
(alanine).  Lower  amounts  of  cysteine  (less  frequent  substitutions)  were  also 
seen  at  positions  12  and  31  (aspartyl  residues).  From  this  data  we  can  say 
that  1)  context  (position)  effects  are  of  primary  Importance  In  determining 
misreading,  2)  contrary  to  what  Is  believed,  the  cysteine  for  arginine 
substitution  Is  not  a  common  substitution,  at  least  In  the  0.3  protein.  In 
fact,  we  found  no  substitution  of  cysteine  at  the  2  arginine  positions  In  the 
amino-terminal  1/3  of  0.3  protein.  3)  Misreading  by  mispalring  of  the 
codon-anticodon  at  2  bases  occurs  fairly  frequently  (examples  are  cysteine 
substitutions  for  asparagine,  alanine  and  aspartate).  4)  The  presence  of 
tandem  codons  requiring  the  same  tRNA  may  predispose  the  second  (or  later) 
codon  to  being  misread  (examples  are  the  misreading  events  at  positions  9  and 
41). 

We  have  purified  an  Internal  0.3  peptide  by  digestion  of  0.3  protein  with 
aureus  V8  protease  and  purification  by  RP-HPLC  or  by  preparative  gel 
electrophoresis.  We  are  now  In  a  position  to  obtain  sufficient  quantities  of 
[35s]cyste1ne-1abe1ed  peptide  for  sequencing.  These  studies  will  provide  data 
concerning  specific  cysteine  substitution  sites  and  their  frequencies  In  the 
middle  section  of  0.3  protein  (39  residues,  #21-#59). 

Preliminary  studies  to  determine  the  precise  In  vivo  misreading  effects  of 
streptomycin  have  proved  Interesting.  In  addition  to'the  mistakes  made  during 
translation  of  0.3  protein  under  normal  (non-drug)  conditions,  streptomycin 
Induced  misincorporatlon  of  cysteine  at  positions  10  (valine),  11 
(phenylalanine),  16  (glutamate),  42  (aspartate),  43  (asparagine),  and  45 
(valine).  Misreading  of  codons  for  valine  and  glutamate  requires 
codon-anticodon  mispalring  at  all  3  bases,  while  misreading  of  the 
phenylalanine  codon  requires  C  to  be  misread  as  G  In  the  Internal  position  - 
mistakes  not  usually  seen  during  In  vitro  mistranslation  experiments. 


B. 


1. 


[35s]cysteine-labeled  samples  of  purified  0.3  protein  were  sent  to  the 
laboratories  of  Drs.  Edwin  Beachey  and  Jerome  Seyer  of  the  Veterans 
Administration  Medical  Center  in  Memphis,  TN,  They  sequenced  0.3  protein  up 
to  position  43  and  counted  radioactivity  in  collected  fractions  to  detennine 
sites  of  cysteine  mi s incorporation.  Results  are  shown  in  Figure  1. 

Despite  the  presence  of  excess  uglabeled  methionine  (0.6  mg/ml)  in  growth 
media,  a  very  small  portion  of  the  C^^S]cysteine  was  converted  to 
C^^Slmethionine.  The  presence  of  4  methionine  residues  within  the  N-terminal 
1/3  of  0.3  protein  allowed  us  to  calculate  percent  sample  loss  with  each  cycle 
of  the  automated  Edman  degradation  procedure.  Relative  CPM  at  each  amino  acid 
position  could  then  be  obtained.  The  data  clearly  indicate  that  significant 
cysteine  mi sincorporation  occurred  at  positions  9  (asparagine),  15  (tyrosine), 
and  41  (alanine).  Lower  amounts  of  cysteine  were  mi sincorporated  at  positions 
12  and  31  (both  aspartyl  residues). 

The  data  lend  themselves  to  the  following  conclusions  and  hypotheses: 

1)  Context  (position)  effects  are  of  primary  importance  in  determining 
whether  cysteine  substitutes  for  at  least  some  amino  acids.  The  evidence  is 
as  follows.  The  tyrosine  codon  at  both  positions  15  and  7  is  UAC  but  cysteine 
was  mi sincorporated  only  at  position  15;  the  5'  and  3'  codons  at  both  these 
positions  are  different.  The  asparagine  codon  at  positions  4,  8,  9,  and  21  is 
AAC  but  cysteine  was  mi sincorporated  only  at  position  9;  the  5'  and  3'  codons 
at  these  positions  are  different.  There  are  4  alanine  residues  -at  positions 
14,  36,  40,  and  41;  GCU  codes  for  alanine  at  positions  14,  36  and  40,  while 
GCC  codes  for  alanine  at  position  41  -the  only  position  where  cysteine  was 

mi sincorporated.  However,  the  same  tRNA  is  used  for  GCC  and  GCU;  therefore, 
context  effects  probably  determine  misreading  in  the  case  of  alanine  also. 

2)  Cysteine  did  not  substitute  for  arginine  at  positions  23  and  28. 

3)  Of  the  7  sites  where  cysteine  could  be  mi sincorporated  by  mispairing 
of  the  codon-anticodon  at  only  one  base  (2  serine,  3  tyrosine,  1  phenylalanine 
and  2  arginine  sites),  misreading  actually  occurred  at  only  one  site  (tyrosine 
at  position  15).  Therefore,  the  presence  of  a  codon  with  one  base  different 
from  the  codon  of  the  mi sincorporated  amino  acid  is  not  sufficient  to  predict 
misreading  at  that  codon. 

4)  Cysteine  substituted  for  asparagine,  aspartate  and  alanine  -  mistakes 
which  require  mispairing  of  the  anticodon  at  both  the  5'  and  middle  bases  of 
the  codon.  This  result  was  unexpected. 


Details  of  experiments  directed  toward  determination  of  the  molecular 
basis  of  mistranslation 


Determination  of  the  sites  of  cysteine  mi sincorporation  in  the  N-terminal 
1/3  of'  0.3  protein 


Figure  1.  Automoted  Ednan  degradation  of  the 
N-termlnal  42  positions  of  I^^Sl  cysteine- lobe led 
0.3  protein. 


Figure  1.  Automated  Edtnan  degradation  of  the  N-terml nal  42  positions  of  [35$] 
cysteine-labeled  0,3  protein.  Fractions  corresponding  to  each  amino  acid 
position  were  collect^  and  examined  for  radioactivity  in  a  liquid 
scintillation  counter.  Radioactivity  at  each  position  was  normalized  by 
determining  percent  sample  loss  during  each  cycle  of  the  sequencer.  The 
presence  of  3  methionine  residues  which  were  not  adjacent  to  a  "hot"  position 
allowed  calculation  of  percent  sample  lost. 


5)  In  the  cases  of  the  relatively  frequent  (for  2>base-pair  misreading 
events)  cysteine  substitutions  at  position  9  for  asparagine  and  at  position  41 
for  alanine,  the  preceding  codons  in  the  mRNA  required  the  same  tRNA  as  the 
misread  codon.  This  suggests  that  the  occurrence  of  tandem  codons  requiring 
the  same  tRNA  may  Induce  mis incorporation  errors  in  the  amino  acid  position(s} 
corresponding  to  the  second  (or  later)  codon(s). 

Some  of  these  results  and  hypotheses  have  not  heretofore  been  presented 
in  the  literature  and,  therefore,  we  believe  this  work  is  making  significant 
contributions  to  the  understanding  of  the  mechanisms  of  mistranslation. 


64 


2,  Progress  in  experiments  to  purify  peptides  of  proteolytlcally  cleaved  0,3 
protein. 

By  sequencing  analysis  of  0.3  protein  we  have  identified  specific 
mistranslation  events,  and  proposed  several  hypotheses  to  explain  general 
types  of  translational  errors.  One  drawback  with  this  technique  however, 
is  that  automated  Edman  degradation  can  only  be  performed  accurately  on 
the  N'terminal  40  or  so  amino  acid  positions  before  the  sample  is  lost. 
Therefore,  in  order  to  obtain  more  of  this  important  kind  of  data  on  the 
remainder  of  the  0.3  protein  molecule,  it  is  necessary  to  produce 
significant  quantities  of  purified  [35$]  cysteine-labeled  internal  or 
C-terminal  0.3  peptides. 

We  have  used  many  reagents  which  cleave  the  0.3  protein  at  only  a  few 
sites,  including  CNBr,  trypsin,  arginine-specific  protease,  2  reagents 
which  are  purported  to  cleave  at  only  tryptophan  (0-1odosobenzoic  acid  and 
DMSO/HCl/HBr)  and  Styhyloccous  aureus  V8  protease.  To  separate  resulting 
peptides  we  have  used  gel  filtration,  reverse  phase  high  performance 
liquid  chromatography  (RP-HPLC)  and  preparative  gel  electrophoresis. 

Digestion  of  0.3  protein  with  the  arginine-specific  protease  of  mouse 
salivary  gland  (1)  resulted  in  less  complete  digestion  than  digestion 
with  trypsin  (analysis  by  SDS-PAGE).  lodosobenzoic  acid  is  supposed  to 
cleave  at  tryptophan  specifically  (2).  Instead  of  obtaining  2  peptides 
(there  is  only  1  tryptophan  in  0.3  protein),  we  found  many  peptides 
following  treatment  of  0.3  protein  with  lodosobenzoic  acid.  Likewise, 
cleavage  of  0.3  protein  with  the  "tryptophan- specific"  reagent 
OMSO/HCl/HBr  resulted  in  several  peptides. 

aureus  V8  protease  (3)  has  given  us  our  best  results  to  date. 

When  used  at  its  alkaline  pH  optimum  (7.8)  and  with  succinylated  0.3 
protein  (which  facilitates  complete  digestion  because  succinylation  causes 
molecule  unfolding  and  hence  accessibility  to  cleavage),  1  predominant 
peptide  of  4300  0  is  seen  on  SOS  gels.  (Figure  2).  In  addition  to  the 
4300  D  peptide  some  high  M.W.  (30-34,000  0),  apparently  cross-linked, 
products  are  seen,  as  well  as  a  peptide  of  3000  0  and  other  smaller 
peptides.  The  4300  0  peptide  should  contain  residues  21-59  (see  Fig.  6) 
and  would  be  a  good  peptide  in  which  to  determine  cysteine  substitution 
positions  since  it  contains  the  tyr-tyr  doublet  at  positions  48  and  49 
which  we  have* predicted  to  be  a  hot  spot  for  cysteine  mi sincorporation. 
(See  Progress  Report  for  research  undertaken  between  August  1,  1983  and 
February  1,  1984). 

a.  Separation  of  0.3  peptides  by  preparative  gel  electrophoresis. 

0.3  protein  treated  with  trypsin  or  with  S.  aureus  V8  protease  was 
el ectrop ho reseed  on  a  native,  13-22%  acryTam^de  gel .  A  strip  was  cut 
off  one  end  of  the  gel  and  stained  with  Coomassie  Blue  to  locate 
positions  of  the  peptides  in  the  unstained  gel.  These  locations  were 
then  excised,  the  gel  mashed,  and  the  peptides  electroeluted  into 
dialysis  bags.  Reservoir  buffer  was  removed  from  the  peptide  samples 
either  by  dialysis  or  by  desalting  over  Seph.  G-15.  Peptides  in 
water  (dialysis)  or  NH4HCO3  (desalting)  were  concentrated  on  a  Savant 
Speed  Vac  Concentrator  and  analyzed  by  SDS-PAGE.  The  above 
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experiment  has  been  done  a  number  of  times,  changing  the  conditions 
somewhat  each  time,  but  we  have  been  unable  to  eliminate  the  novel 
high  M.W.  bands  which  show  up  on  the  final  analysis  by  SDS-PAGE. 
However,  we  have  shown  these  bands  to  be  artifacts  as  they  show  up 
even  when  pure  0.3  protein  or  no  protein  at  all  Is  cut  out  of  a  ge1 , 
elect roeluted,  dialyzed  and  analyzed  on  a  SDS  ge1.  They  are  also 
visible  when  a  different  silver  stain  method  (4)  or  Coomassle  Blue  Is 
used  to  stain  the  gel.  In  other  words.  If  you  Ignore  the  high  M.W. 
artifacts, we  have  been  able  to  separate  peptides  of  S,  aureus  V8 
protease-deaved  0.3  protein  by  preparative  gel  electrophoresis. 

b. 


1)  Separation  of  peptides  from  trypsinized  0.3  protein. 

Figure  3  shows  the  peptides  eluted  from  the  RP-HPLC  column 
when  40  g  of  a  trypsinized  sample  of  0.3  protein  was 
chromatographed.  The  number  of  peptides  expected  If  there 
had  been  complete  digestion  Is  9  (7  0.3  peptides  plus 
trypsin  and  trypsin  Inhibitor).  There  are  obviously  more  than 
9  peaks  In  the  chromatograph,  showing  that  partial  digestion 
products  are  also  present.  Fractions  corresponding  to  the 
numbered  peaks  were  collected,  concentrated,  and  analyzed  for 
purity  by  SDS-PAGE  (13-22%  acrylamide).  Only  peaks  9,  10,  11 
and  12  contained  sufficient  amounts  of  peptide  to  be  visible 
with  the  sensitive  silver  stain.  Peaks  9  and  10  contained  a 
peptide  of  3000  daltons.  Peak  11  contained  trypsin  and 
trypsin  Inhibitor.  Peak  12  contained  trypsin  Inhibitor. 

When  larger  samples  were  chromatographed  with  monitoring  at 
220  nm  for  the  peptide  band,  many  of  the  peaks  merged  and 
separation  became  Impossible.  In  addition,  the  3000  D 
peptide  which  can  be  Isolated  1s  not  useful  since  It  Is  the 
N-termlnal  peptide  and  we  already  have  the  N-terminal 
sequencing  data  from  use  of  the  whole  molecule. 

2) 


4300  0,  and  a  very  useful  peptide  for  our  purposes. 

Therefore,  we  hoped  that  with  RP-HPLC  we  could  separate  It 
from  the  other  lower  MW  peptides  and  from  the  high  M.W. 
cross-linked  products  found  after  digestion  of  0.3  protein 
with  aureus  V8  protease.  Figure  4  shows  the  separation  of 
these  peptides  achieved  by  RP-HPLC.  Fractions  corresponding 
to  the  numbered  peaks  were  collected,  evaporated  to  dryness 
In  the  Speed  Vac  Concentrator,  and  analyzed  for  purity  by 
SOS-PAGE  (13-22%  acrylamide  gradient).  Results  are  shown  In 
Figure  5.  Ten  lanes  (peaks  1,  3,  10,  11,  12,  13,  14,  15,  16 
and  17  on  the  chromatogram)  contained  visible  bands.  Lane  1 
contained  large  amounts  of  very  low  MW  peptides  wh'Ch 
migrated  with  the  tracking  dye;  lane  3  contained  a  23,000  0 
yellow  (and  therefore  nearly  Invisible)  protein;  lane  10 
contained  a  high  MW  (  43,000  0)  protein;  lanes  11,  12  and  13 


Separation  of  peptides  from  S.  aureus  V8  protease-cleaved  0.3 
protein.  As  mentioned  above,  the  predominant  peptide  from 
aureus  protease  digestion  of  0.3  protein  Is  the  largest  one. 


Separation  of  0.3  peptides  by  reverse  phase  high  performance 
Tlqu'ld  chromatography. 


Figure  3.  RP-HPLC  separation  of  peptides  frOT  trypslnlzed  0.3  protein. 
Succinylated,  trypslnlzed  d.3  protein  (40/i.g)  was  chromatograph^  on  a  Bio-Rad 
RP-318  column.  Buffer  A  Mas  O.IX  trifluoroacetic  acid  (TFA)  In  Mater;  buffer 
B  Mas  acetonitrile  containing  O.lt  TFA.  The  gradient  Mas  0-100%  B  In  100  min, 
flOM  rate  Mas  0.25  ml /min,  range  Mas  0.2,  and  absorbance  Mas  at  220  nm. 


Figure  4.  RP-HPLC  separation  of  peptides  from  S,  aureus  V8  protease  digestion 
of  0,3  protein.  Succinylated,  protease>treated  0.3  protein  (ZSd/Lg)  was 
chromatographed  on  a  Bio-Rad  RP318  column.  Conditions  were  the  same  as  for 
figure  3,  except  that  monitoring  was  done  at  277  nm. 


contained  decreasing  quantities  of  the  predominant  4300  D 
peptide  plus  another  peptide  at  3000  0;  and  lanes  14,  15,  16, 
17  contained  decreasing  quantities  of  the  high  MW  (30-34,000) 
proteins.  Figure  6  shows  the  M.W.s  of  the  peptides  expected 
from  cleavage  by  aureus  protease. 

Although  we  cannot  separate  the  4300  and  3000  0  peptides  by 
RP-HPLC,  recovery  Is  much  better  than  by  preparative  gel 
electrophoresis.  In  addition,  the  4300  0  peptide  represents 
at  least  80%  of  the  total  protein  In  the  fractions  11-13,  and 
may  therefore  still  be  useful  for  sequencing.  Separation  of 
S.  aureus  V8  protease-cleaved  0.3  protein  peptides  by  RP-HPLC 
Ts,  therefore,  the  preferred  method  for  purification  of  an 
Internal  peptide  for  sequencing  studies.  If  sequencing  Is 
Impossible  because  of  the  contaminating  peptide,  we  will  use 
preparative  gel  electrophoresis  to  purify  the  4300  D 


Figure  6.  Peptides  Expected  from  Cleavage  of  0.3  Protein  with 
S.  aureus  V8  Protease* 


Number 

Residues  from 
N-terminus 

Molecular  Weight 

1 

1-16 

1900 

2 

17-20 

570 

3 

21-59 

4300 

4 

60-64 

530 

5 

65-66 

300 

6 

67-87 

2300 

7 

88-95 

1000 

8 

96-98 

320 

9 

99-103 

580 

10 

104-106 

400 

11 

107 

130 

12 

108-109 

230 

13 

110 

130 

14 

111-112 

290 

15 

113 

130 

16 

114-115 

240 

17 

116 

130 

*  S.  aureus  V8  protease  cleaves  peptide  bonds  on  the  COOH-terminal  side  of  only 
glutamic  acid  residues  when  the  buffer  used  is  ammonium  bicarbonate,  pH  7.8 
(Houmard,  J.  and  Drapeau,  G.R.,  PNAS,  69:3506-3509,  1972). 
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Molecular  and  General  Genetics 
European  J.  Biochemistry 
Journal  of  Biological  Chemistry 
Current  Microbiology 

CONSULTANT  ACTIVITIES 

Battel le  Memorial  Research  Institute. 

Consultant  to  Research  Management  for  evaluation  of  research  and 
research  planning  in  molecular  biology  and  biotechnology. 

Benjamin/Cummings  Publishing  Co. 

Addi son-Wesl ey  Publishing  Co. 

Butterworth  Publishers 

Consultant  to  aquisitions  editors  for  evaluation  of  proposed  books 
and  evaluation  of  prepublication  draft  manuscripts. 

UNIVERSITY  ADMINISTRATIVE  SERVICE 

UNIVERSITY-WIDE  COMMITTEES 

Chairman  Committee  to  evaluate  and  recommend  plans  for  Biotechnology 
at  O.S.U.  Author  of  the  Committee  Report  (submitted  1983). 

Activity  required  meeting  with  faculty  from  all  Colleges  of  the 
University  interested  in  biotechnology,  co-ordinating  this  input  and 
drafting  an  evaluation  and  recommendations  for  action  by  the  Provost. 
Acceptance  of  the  report  has  lead  to  the  current  search  for  a  Director 
of  Biotechnology. 

Member  Search  Committee  for  Director  of  the  University  Biotechnology 
Center. 

Member  Committee  to  evaluate  and  make  recommendations  on  University 
Research  and  its  Relationship  to  External  Sponsorship.  An  18  month, 
in  depth,  evaluation  of  how  O.S.U.  obtains  and  responds  to  sponsorship 
of  research  was  recently  completed.  An  extensive  written  report  (part 
authorship)  was  submitted  to  the  President  including  recommendations 
for  changes  of  policies  related  to  patent  issues,  conflicts  of  interest 
and  mechanisms  of  negotiation  with  potential  sponsors.  Action  on  these 
issues  is  currently  in  progress. 
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Member  Committee  to  evaluate  research  proposals  and  facilities  which 
may  constitute  potential  Biohazards,  Monitoring  of  experiments 
involving  recombinant  DNA. 


Member  University  Promotion  and  Tenure  Committee,  Responsible  for 
evaluation  of  all  promotion  and  tenure  cases  from  all  Colleges,  One  of 
only  six  faculty  members  selected.  Representative  for  all  of  Liberal 
Arts  and  Sciences, 

COLLEGE  OF  BIOLOGICAL  SCIENCES  COMMITTEES 

Chairman  Research  equipment/ facilities  committee.  Responsible  for 
determi ning  major  equipment  needs  of  faculty  in  the  College, 
co-ordinating  multi-user  purchases  and  negotiating  with  manufactures 
for  multiple  order  discounts  and  service  agreements.  Committee 
collects  and  evaluates  faculty  equipment  requests  from  faculty  in  all 
Departments  in  the  College  and  makes  an  annual  report  (with  priority 
recommendation)  to  the  Dean,  Chairs  open  Col lege-wi de-meetings  to 
discuss  purchases  of  very  major  equipment  ($250K). 

Member  Committee  to  select  Distinguished  Visiting  Research  Professors 
and  recommend  recipients  for  Honorary  Degrees,  The  College  has  funds 
for  two  or  three  Visiting  Research  Professorships  each  year.  Candidates 
for  these  positions  are  solicited  from  the  College  Faculty,  applications 
evaluated  and  recommendations  made  to  the  Dean, 

Member  College  Promotion  and  Tenure  Committee 

Member  Approximately  ten  Search  Committees  for  College  Faculty  in  the 
Departments  of  Biochemistry,  Genetics  and  Microbiology, 

Member  Ad  hoc  committees  on  Graduate  Student  Programs,  Seminar 
Programs,  Departmental  facilities,  etc, 

DEPARTMENT  OF  MICROBIOLOGY 

Chairperson  of  Department, 
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NAME;  Jacqueline  Bowers  Rice 


EDUCATION : 


B.A.  University  of  Wiscons In-Milwaukee,  1960. 

Registered  Medical  Technologist,  ASCP,  1961 
Milwaukee  Lutherarl  Hospital  Internship,  1960-1961. 

Graduate  Program,  Department  of  Medical  Microbiology, 

1967- 1968,  Marquette  University,  Milwaukee,  Wisconsin. 

Graduate  Program  in  Molecular  Biology,  Department  of 
Biology,  Marquette  University,  Milwaukee,  Wisconsin, 

1968- 1970. 

Graduate  Program,  Department  of  Medical  Microbiology, 

Ohio  State  University,  Columbus,  Ohio,  1972-1977. 

Doctor  of  Philosophy;  Research  was  directed  by  Dr. 
Raymond  Lang  whose  work  has  involved  several  transplanta¬ 
tion  models. 

Dlssertatldn  Title;  Extraction  of  xenotransplantation 
antigens  and  their  use  in  xenograft  prolongation  and 
studies  of  xenograft  rejection. 


TEACHING  EXPERIENCE; 

Medical  Student  Independent  Study  Program,  Ohio  State 
University,  1975.  (Conducted  laboratory  exercises  in 
medical  microbiology  and  infectious  diseases.) 

Laboratory  Instructor  for  the  medical  student  Medical 
Microbiology  course  (MM  625),  Ohio  State  University,  1973 
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Teaching  Assistant  (Genetics),  Department  of  Biology, 
Marquette  University,  1969. 


APPOINTMENTS : 


Research  Associate  II,  Ohio  State  University,  Department 
of  Microbiology,  College  of  Biological  Sciences,  1981- 
present  . 

Research  Associate  I,  Ohio  State  University,  Department 
of  Veterinary  Pathoblolo^y ,  College  of  Veterinary  Medicine, 
1977-1981. 

Graduate  Research  Associate,  Ohio  State  University,  Depart¬ 
ment  of  Medical  Microbiology,  1973-1975. 

Medical  Technologist,  Mount  Carmel  Hospital,  Coltunbus, 

Ohio,  1971. 

Medical  Technologist,  Deaconess  Hospital,  Milwaukee, 
Wisconsin,  1970. 

NIH  Traineeship  In  Developmental  Biology,  1968-1970. 

NDEA  Title  IV  Fellowship  (NIH),  1967-1968. 

Medical  Technologist,  Milwaukee  County  Hospital,  Milwaukee, 
Wisconsin,  1964-1967. 

Medical  Technologist,  San  Diego  County  Hospital,  San 
Diego,  California,  1961-1963. 


HONORS  AND  AWARDS; 


Science  Honorary  Fraternity  (Delta  Chi  Sigma) ,  University 
of  Wlsconsin-Mllwaukee,  1958-1960. 

Graduated  With  Honors,  University  of  Wlsconsin-Mllwaukee, 

1960. 

NDEA  Title  IV  Fellowship  (NIH),  Marquette  University,  1967-1968. 
NIH  Traineeship  In  Developmental  Biology,  1968-1970. 
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USPHS,  NIH,  I-R01-CA30338-01,  FeLV  leukemogenesls  and  pre- 
neoplastlc  lesions,  co-investigator,  3  yrs.,  $180,895  total, 
11/81-10/84.  (I  wrote  the  entire  grant  proposal.  Richard 
G.  Olsen  Is  listed  as  P.I.  because  of  University  regulations.) 

The  Ohio  State  Canine  Research  Funds,  "Immunopr event Ion  of 
Parvovirus-Induced  Diarrhea  of  the  Dog",  2  yrs.,  $20,000/yr., 
1981-1982.  (I  wrote  the  entire  grant  proposal.  Richard  G. 
Olsen  and  G.  Stephen  Krakowka  are  listed  as  P.I.'s  because 
of  University  regulations.) 
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